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ABSTRACT 

This publication is the cotirse -guide book for a 
one-semester, non-laboratory junior college dourse in biology. - 
Included, for each topic are lesson objectives, learning ' materials , 
aij,4 .discussion ideas for seminar groups. Topics include the 
organization of life, heredity, reproduction, the meaning of biology 
to modern man, and homeostasis and cybernetics in animals, plants, 
and cell«. (MH) 
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UNIT I INTRODUCTION 
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OBJECTIVES FOR UNIT I - INTRODUCTION 



To DEMONSTRATE THE CONCEPT OF "INDEPENDENT StUDV" AS A 
COMPOr^ENT OF THIS COURSE. ' ' ' 

to INTRODUCE THE KINDS OF LEARNING RESOURCE MATERIALS THAT 
WILL BE UTILIZED IN THIS COURSE. » 

To BEGIN A SERIES OF EXPERIENCES WHICH HOPEFULLY WILL ° 
LEAD YOU TO BECOME MORE "BIOLOGICALLY AWARE THAN PERHAPS 
YOU ARE AT THIS POINT. 

To BECOME FAMILIAR WITH THE COMPOUND LIGHT MICROSCOPE^ 
ITS. WORKING PARTS AND PROCEEDURES FOR USE. 

To' DEMONSTRATE COMPETENCE IN THE USE OF .THE MICROSCOPE ,. 
BY LOCATING AND IDENTIFYING PARTS OF" A TYPICAL PLANT CELL. 

.■^i . « ^ ■ ^ 

i* ■ r . — ■ 



Topics for Discussion in Seminar. Groups 

1. In relatinship to the educational program o)? major t^at 
you are pursuing^ what significance do you see 'general 

^Biology" having? * . • . • 

2. What significance did the ,invention of the^ light microscope 
HAVE FOR Biology?- How would you expect -present .day 

^ . TECHNOLOGY TO INFLUENCE BlOLOGY? 

. . ' ' - ■ 4.- • • 

3. The purpose of this segment of your course is to get mi 
TO TALK . Discuss and suggest w/\ys with your instructor. 

' TO MAKE THE THIRTY MINUTES MORE PRODUCTIVE AND MEANINGFUL 
TO YOU AS A STUDENT. (REMEMBER THAT THE LAST THIRTY 
MINUTES OF THIS PERIOD IS F0« A WEEKLY QUIZ), 
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OBJECTIVES FOR^UNIT \l - How Unique is Living rWriER, 

'tJPON COMPLETION OF UnIT II THE STUDENT SHOULD BE ABLE TO DO . 
JHE following: • ' • 

1. - Define/'science" as it'.relates to supernatural vs. 

natural laws.- - • , 

J* * • . , * . . 

2. Explain what is meant by the phrase THt ."laws' anh - 
the particles as it relates to living , matter. 

3. .Name three chaRvACteristics which identify, anything 

. • ' that can- bf termed living- . , - . • ; . : 

^. Define metabolism. . " ' ' • ' 

.5. List four characteristics of macromolecules which enable 
them to ?e classified as .constituting a living system. 

6. Explain a.-i/ behavioral characteristics of atoms are 
largely determined by-the outer shell electrons. 

7. Differentiate between an, atom and an ion. ... • 

8. EilSCUSS THE 'two methods WHEREBY CHEMICAL BONDS can 
' BE FORMED- BETWEEN ATOMS. \. . 

, 9. Of THE TWO METHODS WHICH IS-MORE CHARACTERI STI c" OF ' 
BONDING OCCURRING IN LIVING MATTER? 

• 10. Be ABLE TO <3IVE j^.REi^SON FOR THE SELECTION OF YOUR 
ANSWER IN #9 ABOVEt ! " ^ • ^ 

11. List ^ atoms which constitute approximately 99% of, 

.UVING matter. ° .. V 

12. ^ Give two reasoi^Is why the four atoms above are distinctly 
- ■ "fitted f.or their "roles in living matter? 

13. Explain why the statement that "carbon is the most.- 

fit among. the' elements to. serve as the molecular backbone 

(structural basis) OF ALL LIVING MATTER IS TRUEy 

, - 1^. Give reasons why water is so uniqueLy pitted To serve^^ a 
role in biological systems that no other" molecule could 
-take its pjlace. 

15.' Distinguish between acids and bases; what gives EAcri " 

IT S' SPECIFIC PROPERTIES. HhAT IS THE, CONCEPT OF p\\f 
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Topics for Di&cussion .in Seminar Groups 

Two CQNTRASTINS viewpoints of lifers* OPERATIO.NAL PROCEEDURES. 

(a) The ultimate aim of biology is -to explain life in 
terms of- physics^and chemistry. , • ' • 

(b) Life proc^ss|.s 'governed by a supernatural being or 

FORCE. ■ . * , • ■ ■ ' • 

•Is AaiVING FORM "UNIQUE^lWHEN COMPARED TO A NON-LIVING 
FORM - SUBSTANTIATE YOUR ANSWER. / ^ 

What is VoOR .dpiNioN of the statement "Research on tme-" 

CHARACTERISTICS OF THE ATOMS^ AND MOLECULES FOliND IN 

LIVING MATTER HAS LfD TO THE CONCLUSION THWT LIFE ANYWHERE 

MOST PROBABLY IS DESIGNED ON A PWTTERN SIMILAR, TO THAT . 

FOUND ON THIS PLANET." • (i.E.. A^C-R-O. WATER SCHEME) 

. •, • • ; ;• ^ ' • "' ... , . 

Do YOU CONSIDER MAN. tV B'E THE MOST "UNIQUf" FORM ON EARTH. ^ 

Defend your answer. • 



UNIT II 



Table I. The elements necessary for Life Comparing their 
Relative Abundance in the Universe, Earth's Crust, and the Human 
bddy. (Loewy and Siekevitz, Cell Structure Function ,- p. 29) 



Category 


Element 


Chemical 


Atomic 




f Relative Abundance 


(%) 




♦ 


SymJDOi 


Numoer. 


Un 


iverse 


Earth's Crust 


Human Bodj 


yiajor 














60 




Constiftuents 


Hydrogen 


H 


1 


91 


6.44 






Carbon 


C 


o 


0. 


91 


A A A 

0,44 


11 




Nitrogen 


N ^ 


7 


0. 


42 


0 • Xo 


2 . 


4 




Oxygen 


o 


o 
o 


0. 


057 • 


62.6 


26 





Trace 


















Elements 


Sodium 


Na • 


XX 


0. 


00012 


2.6 


A 

0 . 


7 


* 


Magnesium 


Mg 


xz 


0. 


0023 


1.8 


0. 


01 




Phosphorus 




Xd 


0. 


00034 


0.23 «> . 


0. 


13 . 




**ulfur \ 


S 


Xo 


n 


noQi 

U U !7X 


0.12 , ^ 


0. 


13' ; 




Chlorine 


Cx 


X / 


0. 


00044 


? 


0. 


033 - 




Potassium . 




1 Q 

X7 


0. 


000018 


1.4 


0. 


037 




Calcium 


Ca 




0. 


00017, 


1.9 ' 


^ 0. 


22 














-/ . ■ 






Elements • 


Boron 


B 


5 










0OO91 


^ Silicon 


Si 


14 


0. 


026 


21.2 . 


0. 




Vanadium 


V 


23^ ' 














Manganese 


!4n , 


25 






] .9i 




00059^ 




Iron 


Fe 


26 


0. 


047, 


0. 




Cobalt 


Co ^ 


27 














Copper . 


Cu 


29 




1 










Zinc 


Zn 


30 • 














Monybdeniam 


Mo 


4'2 ^ 




H 


<• 




• 



'The bioelemgnts (those fbund in living life forms)- fall into 
three groups according to t^eif occurence in living .organisms, 
the major constituentfjs - acdounting for about 99% of all -elements 
found in living organisms, the trace elements - required by all 
organisms but in much lesser quantities , and the ultratrace elements 
many of which are not of universal occurence. Note that the ^ 
relative abundances^ - occurrence in the universe, earth's cui:str 
and the human body - do not show a general correlat^ion. 

Life and the Periodic TcO^le 

A characteristic property of living -matter is that it is 
selective. ' It selects certain environments; it utilizes onl^ . 
certain molecules as food sources; it aggre,gates ,iri particula(r 
organizations/ An example of this selectivity isjyie preference 
for only certain elements from the' large number q^>ossible 
elements. Living organisms are made mostly of h^afogen, oxygen r 
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carbon and nitrogen with the remaining elements constituting less 
than one percent of the total (TaUble I) • Prom this, one can 
conclude that living matter preferentially<& selects for cettain 
elements which are made available to it in the earth's crust and 
atmosphere. 

To more fully appreciate this selectivity, ^ a bit of back- 
ground information may bet desirable on IJie natufe of chemical 
elements. It is an interestijig property of the elements that, 
they can be organized into a certain pattern and everywhere, 
the elementjs conform to this classification A sound and .useful 
classification of the elements, based on the atomic structure of 
each .element, is found in the Periodicx Table'. (See Table II).. 




\ 



\ 



Inasmuch as our objective is ±o understand the natural laws 
involved in the interactions between certain atoms to form molecule 
we need concern ourselves only with the outer portion of the atoms, 
the electrons , A fundamental premise in atomic theory is that the 
chemical behavior of the atoms is a function of their peripheral 
(outermost) electrons pnly > The Periodic Chart is more unders^and- 
a'ble if we ignore the insldes of . .e atom and consider the actions, 
of the electrons in the outer Region . 

In the Periodic Table, all known elements are grouped accordinrc 
'to chemical properties, that is those with similar chemical j 
properties occur again and again with regular periodicity, hence 
the name. Periodic Table;,. ' Elements with similar properties dpe 
represented by the vertical columns of ..elements . For example, 
all of the elements in the column under hydrogen (chemical \ 
symbol H) have one outermost electron^ and display therefore, certai 
conmon properties. All elements listed under beryllium (Be) have j 
two' outermost* electrons* and show characteristics in common which 
are different from Group I. For each element, the atomic niimber *• 
is given above ttje symbol f or kthe element/ The atomic number 
describes the number of protons (plus charges in the atom, see 
Figure 1) in the atom and is always equal to the number of electror 
in that atom. .Hence carbon, atomic number 6 has six (6) protons 
(6+) and six (6) electrons (6-). In moving from left to right 
across the chart, the elements are arranged in increasing order 
of protons, (hence, also electrons) . The, extreme right hand 
column (VIII) are located the Noble gases, the chemically "desired* 
state of each element. in that row. ThuSf chemically carbon,' At. ^ 
NO. 6 would Jika to "look like" Neon (Ne) At, No. 10. 



Proton 




Boron Carbon- Nitrogen Oxygen 



Fig, 1 Neutrons, protons and electrons in the 
configurations of atoms. 



Compare the Periodic Table vlth Table !• Circle the major 
and trace elements (from Table I) in the Periodic Table' to empasize 
their position in the Table. It is readily apparent that the . ^ 
elements found in living organisms tend to be the lighest ele- 
ments. That in itself does not seem strange, for the lightest 
elements tend also to be the most abundamt, on earth as elsewhere 
in the xiril verse. However, when one compares the occurrence of 
the first three elements in the human body with their relative 
numbers on the earth — ? -it—i s-read ily— appar eiit Ithat _^:an argume^^ „ I 
frpm abundance is not, the whole 2mswer - for organisms can con- 
centrate many times over these relatively rare elements. study 
of Table I, cpigparing the incidence of the bioelements in the uni- 
verse with their occurrence .on this planet and in the hximan body, 
leads to the conclusion that these elements were selected for by 
mature on the basis of their essential pr^operties rather than their 
availaibility. It is remarkable in this respect that living matter 
is, very much like the cosmos as a whole. ; The stars as well as 
the interstellar matter are composed mostly of li^ht Elements. 
Our earth is but a "mineral ash" of heavy elements that remained 
after the light elements disappeared into space owing to the weak 
gravitational pull of t:iny earth. 

HOW MUCH ARE YOU WORTH? 

Nothing escapes the Inexorable spiral of inf ration. 
It stands to reason that the chemicals in the humeiD 
body musi be worth more with each passing ^year* 

At present, the approximate value ot all chemicals 
in the average adalt human body is $3 » SO , reports 
Donald T\ Forman, assistant prof, of bipchemistry m 



Northwestern University Medical School, and head of 
the chemical laboratory, at the Northwestern-^af filiated 
Evanston hospital ^ This new evaluation represents 
a 257% increase over the 1936 estimated value for 
the same chemicals of 96^. 

In percentage terms, Forman says the adult body 
is composed of 65% oxygen, 18% carbon, 10% hydrogen, 
3% nitrogen, 1 1/2% calcium, 1% phosphorous and 1 1/2% 
of other elements , including traces of gold and 
siivex' . 
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Roview of Atomic Structure . (If more information is required, 

consult a textbook,, i. e.. Biology, 
= H. Curtis, pp. 94ff) 

(Fill .in the blanks as directed. Answers are given in Appendix I) 

1. According' to current concepts, all matter in the physical 
universe is composed of particles. Although approximately 36 
different particles have been identified by physicists, three are 
particularly important to biological systems. These are neutrons , 
protons and electrons . The particles can be arranged' into units 
called atoms' ^ There are 104 dif f *=i-r^r»t kinds of atoms presently 
known. Each different kind of atom is called an element. Hence , 
there are e lements knovm today. 

2. These 104 elements differ in the o rganization of their 3 basic 
particles: protonis, neutrons and electrons. One model of atomic 
structure places protons and neutrons in the nucleus of the atom 
while electrons are found in shells (or orbits) at varying distances 
from the nucleus. Any two elements are different in the organiz-- 
ation of their^ $ 'y _ # • — • 

3. l>rotons and neutrons both have weight. Each protonr and e^ch 
neutron is arbitrarily given an atomic mass, unit <a.rn.u.) of one 
(1). The combined weight of all protons and neutrons in an element 
is the atomic wei^Tlt of that element. The ntunber of protons in 

a nucleus, gives the atomic number of that element. ^ On the lines 

below indicate " the atomic weight' and atomic number given the 
information to the left. 

Atomic Weight (a^m.u.) Atomic Number 



A. 6 protons, 6 neutrons_^ 

B . 5 prtJtons , 6 neutrons 

:C . 11" protons , 12 neutrons_ 

D, 30 protons, 35 neutrons_ 



4. Neutrons da not contribute to the -,chay.CALpTO 
element. However, they do play a role in general stability of 
the atom. The number of ^"neutrons in a nucleus may vary. The 
atomic weight, given as a fraction in the Periodic Table, is^an 
average value for that element, the difference being duetto the 
variation in neutron numbers. The general -desi^tion, isotope, 
is given to any atom in which the atomic wi^ight differs from the 
norm as a result of the presence of fewer or n»re^ neutrons 
A radioactive isotope of carbon commonly used in- biological re- 
search is Carbon -14. Normal carbon is Carbon -12. C-^* has 
therefore (a) protons^ and (b) _neutrons. 



5. Electrons have" relatively no weight but do carry an electric 
charge. Each electron (abbreviated e") has a charge of minus 1 
(-1) . Protons have an electric charge as well as weight. Each 
proton has a charge of plus 1 (+1). A typiccLL atom has an equal 
number of protons and electrons anJ is therefore electrically _ 

neutral. If an atom has an atomic number of 13/ " • . 

electrons would be contained in shells around the nucleus^^ 

.6. If the number of protons and elctrons in an atom is not the 
same, the atom Is electrically unbalanced and is called an ion. 
The extra number of +'s or -'s in an ion is the ionic charge. 
An atom with 4 protons and 6 electrons would have an ionic 
charge of -i2. Given the information on the left, fill in the 
blanks with the desired information. 

> Ionic Charge 

A. 9 protons, 8 electrons ; 



B. 3 protons, 4 electrons ' \ 



C. 14 protons, 17 electrons ■ • 

D. 19 protons, 15 electrons. " ■ " 

7. Although protons and neutfonS', seem to be randomly distributed 
in the nucleus, electrons occur in specific patterns about the 
nucleus. The shell, closest to the nucleus will ^hold only 2 electrons, 
The next shell out will -hold 8 electrons. 

A. How many electrons are around a nucleus when both shells 
are filled? • .^ . 

I : ' . ■ (. . ...... 

" B. How many protons would you expect in the nucleus? 



8. An atom is most , stable when th6 outermost shell is filled ^ 
or eight (8) ar!^ positioned in that shell. The maximum permissible 
•nv?T<feer in each shell (from nucleus outward) is 2, 8, 18, 32. 
Indicate the electron distaribution of the following elStients and 
tell whether each woi^ld be reactive" chemically (the equivalent 
of not stable): ^ ^ 

.^Atomic-numbers - y.i i^n-h rr^n^n i gfcr.ibut ion ChemxcaJ^eac jkvity^ — 

. \ (circle one) 

5 j_ '. ■ \_ ■ __ Yes : "No _ > 

" fit • ■ , ."" ' ^ . ^Yes . No ^ 

iC _: Yes NO 

; • . 18 . ' ■ . • . ■ ■ , I Yes No -' 

20 ' — Yes No > 



9* Thus, chemical reactivity as well as the chemical properties 
of an atom are determined by the number of electrons in the outer 

shell.- Nitrogen (N2) with (a)_^ ^e" in the outer shell has 

different chemical properties than oxygen (O2) which has (b) 

e " occur ing in Its lastshell. 

10* Elements seemingly demonstrate a "desire" to have a full outer 
shell . ^Fiiir outer shellg are obtained through gaining or losing 
electrons. Hydrogen (H2) , with* one (1) electron xn, its outer 
shell /requires the additibn of one more electron to obtain 
chemical stability (full outer sh^ll) . Oxygen, with an atomic 
number of eight (8), would require e "^ for cheicnical «=;tability. 

Outer shell electrons are gained or lost in a process called 
chemical bondin g. The most direct aspect of chemical structure 
involved in bending is: • . 

a. the nucleus; — 

■ b^ the protons; , 

c. the tdtal niomber of electrons possessed by an element; 

d. the outer she^ electrons only. ^ 



Review of Atomic Structure - Answer Sheet. 



1. 104 



2. 
3. 



protons, neutrons, electrons 



4. 
5. 
6. 

• 

a. 



Atomic weight 

A. 12 

B. 11 

C. 23 

D. 65 . 

(a) 6 
13 



A. 
B. 
C. 
p. 

A." 
B. 



9. 

10. 2 

11. (d)' 



(b) 8 



+1 
-1 
.-3 
+4 



10 
10 



(b) 



Atomic number 
6 . 
5 
11 
3b 



(1) 


2 


3 


0 


0 


yes 


(2) 


2 


6 


0 


0 


yes 


(3) 


2 


8 


0 


0 


> nor 


(4) 


2 


8 


8 


0 


- no 


(5) " 


2 


8 


8 


2 


yes 
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OBJECTIVES FOR III - A "Hodel" for Lif-e' 

The STUDENT WILL BE ABLE TO DO THE FOLLOWING: 

1. Be AWARE OF THE FACT THAT MODELS IN BIOLOGY ARE„ 

representations of real life phenonema and are subject 
to change depending upon the refinement of knowledge. 

2. Understand the concept in biology of organization 
hierarchy. 

3. Be AWARE OF THE FACT THAT LIFE WITH ITS FULL 'SET OF 
ATTRIBUTES FIRST EMERGES AT THE CELl, LEVEL. 

Be ABLE TO LIST TWO REASONS WHY PROTEIN MOLECULES 
ARE Sp IMPORTANT TO LIVING SYSTEMS. " " 

5. Re ABLE TO explain the chemical STRUCTURE of an amino. 
ACID AWHAT MAKES IT UP). 

6.. Be'' 'ABLE TO DETERMINE HOW AMINO ACIDS ARE PUT TOGETHER 
TO FORM COMPLEX PROTEINS AND HOW COMPLEX PROTEINS 
ARE BROKEN DOWN to PRODUCE AMINO ACIDS. 



7, - Understand the two^ major functions of protein molecules 
)log i gal systems, 

structural - , 

regulator function # 



8. Be able to explain what enzymes do in serving as regulators 

FOR CHEMICAL ACTIVITY WITHIN THE CELL. (AT LEAST 0 
THREE IDEAS ARE USEFUL here). 

9, . List two characteristics of enzymes which limit their 

usefulness in biological systems, 

10, Be able to identify the single most fundamental 
chemical reaction on this punnet. 



-11. Be able To understatid basic FAtETs~^OF carbohydrate 
metabolism: 

(1) USE of carbohydrates 

(2) How COMPLEX carbohydrates are formed, from 
■ simple ones- 

(3) Role of glucose in carbohydrate metabolism 



n 

Be ABLE TO IDENTIFY THE FUNCTIONS OF FATS IN 

biological systems, 

Be able to identify the functions of a fourth group 
of biologically important macromoleculesj the nucleic 

ACIDS-, ' ' . 



.■ . \ 
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Topics for Discussion in Seminar Groups 

1. The biologist's test tube of interact u/g chemicals - 

A SUFFICIENT MODEL FOf^ LIFE?;. • o 

2. The significance (importance) of a biological hierarchy 
(role in environmental concerns of today.^ for instance). 

3. Similar and dissimilar aspects of carbohydrate^ fat^ and 
protein. metabolrsm. 
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UNIT III 



TedDle I. Major Organic Molecules in Living Matter, 


General Class 


' Mplecule Size 


Common Examples 

■• » * 


Protein 


Macromoledular 


Hair, silHr skin, 
feathers, muscle, wool 


Carbohydrate 


Small to macro- 
molecular ' 


Starch, sugar, cotton, 
wood 


Fat 


Small 


Olive oil, butter fat, 
oleo, Crisco 


. Nucleic acids 


Macromolecular 


.• ■ * 

Np common examples • 



^' ■^ Mutcfes 



Single muscle 



Mustia filahiant 



10-9. 



4*. Ntrvt cell 



Surfaca mambrona 



^Moteculbr 
olignmant 



Sugor molacula 




Atoi]i)c nuclaut 



* Proton fttructur* 
KfO. lOft'tatn" by Mrwor 
altctroqoceaMtor 



-Sodium Qtomji 



; \ The- 
Concept of 
Jntegrrativ.e 
Levels - ezich levsjk 
of organization - 
pos^s esses unique 
properties which ' 
dp not "a priori''. 
predict the - C 

behavj^or of - ^ ^ ^ 

. siicceeding 
^Frpfli The Strategy I 
of Life l>y Cliffort^i 
Grobsteini W. HV 

;^Freeafan ' ^ • Co.," ,\~^^^77?^ 
San- Franci sco ; " 
1964). .. . .\.^' 




ReactiQii Progress 



"Heat is -Time" - Enzyme^ . reduce time by lowering 
jtAe aiticv uxitlojlJieat requ ired to effect a ch^ical 



reaction. <The time sca^.^ iii th^S 1^ been 
somewhat distorted.) 
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Branching 
Enzyme (4) 



Glycogen 

Synthetase, (3) 



GLUCOSB-ljPHOSPHATE 
f 



j^hosphoglucomutaie (2) 



GLUCOSE-e-PHQSPHATE 



BRANCHED 
'GLYCOGEN 



CO 
M 
CO 



CO 



Phosj^horylase (1) 



Phosphorylase ♦ 
Debranching Enzyme (5&6) 
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' GLUCOSE - 1 -PHOSPHATE 

\ 



Phosphoglucomutase (2) 



GLUCd'SE -6 -PHOSPHATE 



Glucose Phosphatase ♦ 
Glucoklnase (7) 



» GLUCOSE 



HOW important are enzymes? Metabolism in living, matter 
requires specific enzymes; if any of these are missxng, 
SSloas disease may restat. The breakdown and synthesis 
of glycogen is shown here. The enzymes needed are 
ihJiciited with a box. The numbers included correspond 
to the -diseases listed in the following table. , 



Table II. Glycogen Deposition (storage) • Diseases and their 

Related Enzyme Defects. 



ANDERSEN'S DISEASE (Enzyme 4 ) storage of abnormal glycogen 

molecules (unusually long branches) in liver and probably 
^ other organs. . - 

FORBES* DISEASE (Enzyme 6) - storage of abnormal glycogen .molecules 

(unussually short branches) in liver^ heart, and muscle.^ 
von GIERKE'S DISEASE (Enzyme 7) - abnormally large amoxints of 

glyqogeh molecules (normal branching) in liver and. kidney. 
HERS' DISEASE (Enzyme 5) - abnormally large amounts of glycogen \ 

molecules (normal branching) in liver only. ' 
McARDLE-SCHMID-PEARSON DISEASE (Enzyme 5) - abnormally large . 

amounts pf glycogen molecules (normal branching) stored 

in muscle. ,j 
POMPE'sS DISEASE (Not certain which enzyme (s) lacking) - abnormally 

large cunounts of glycogen molecules (normal branching) 

stored thrdpghout the body « 

• . ""j 

' Table III. Some Other Enzyme Related Disorders 

Below is a partial list of disorders .that are the result of 
metabolic defects." The metabolic defects occur when an appropriate 
enzyme (or set of enzymes) is lacking or 7 as in some vitamin 
deficiency diseases, tKe enzyine is present but is not active, the 
vitamin being necessary to make the enzymes active. 



ALBINISM little or no p.igment in skin, hair, or eyes. , - 
ALKAPTONURIA - homogentisic acid excreted in urine; arthritis. 
AMAUROTIC IDIOCY - blindness, physical and jnental impairment, 

death in infancy, childhood or adolescence • 
CYSTINURIA - excretion of abnormally large amounts of cystine, 

lysine,/ arginine, and omithihe (all are aittiHo acids) in urine. 
DlAfiETES. MILLITUS - low glucose tolerance . 

GALACTOSEMIA - galactose (a simple sugar) not converted to gj-ucpse. 
GAUCHER 'S DISEASE - accumulation of lipidis (fatty substances) and 

storage of cefebrosides in certain cells. 
GOUT - gibnonnal uric acid metabolism; uric acid crystals accumulate 

around joints - jijceferentially, the joints of the extremities?. 
HYPOGLYCEMIA -* low blobd sugar, mential retardation. ,,^ 
PHENYLKETONURIA - phenylpyruvic acid in urine; , feieblemindedness. 
TYROSINOSIS abnormally large amounts of tyrosine (an amino acid) 

in urine. . ; / - ^ .^^^ , ■ 



Some Factors Effecting Enzymes - A Reading - Unit III 

delicate fashion, hence they are very fragile. 

Heat is very hard on proteins. Molecules vibrate as a result 
of h^lt "hl higher the temperature, the harder they yxbrate. 
?t doesA't tike much vibration to shake ^^^^f ^eouf^ed 

Other conditions also affect the enzyme's delicate Structure. 
SmalfqlanSties of various che^^^ 

thoughtfi^that most ^^^"^^ J^^^e , JhrJ^^ enzyme (iron-^ 

natter, Hema enzymes are present in small qaa«^ 

:ali:r*ol'^L°ulerSt%iru^SIe^SrSpUation since they 
can no longer obtain energy. 




HydrogenO 
AtoinsXNBlocked 




Active Heme-En2yme 



Poisoned Heme-Eiuyme 



Chloroform blocks certain eng^^^ S^?c2^^1 lSM^in9 
••,«Hs widely used as an ^f^l^ f ^^g^^J^^; wen^t^ nervbursystem. 
affect certain enzymes ^^^^^ ?2tal used to coat the inside 

.r,-.iij?2scenS7uSe^^^^^^ rM^^m^^T^ " 

.beryllium enters his blood. 

1 ,«*.<«a<-fti-'a before they can ftinction; The 
some enzymes require activatprs before f ^hich the 

most important group of ^^^ivators are tne co ^ ^ s-vitamin 
vitaminTrank « i"*' . Especxaliy s^this^^^ lioportant 
group. If 2?«®^f,o The result -ca^ 
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is involved in the chemical reactions in the eye; Vitamin 
for proper formation of bones; Vitamin K for proper clotting of . 
blood and so on. In general, living matter can manufacture for 
itself those chemicals needed to carry on its aqtivities • 
Plants and microorganisms in particular have no difficulty here. 
Animal matter is less versa ile. Particularly is this true with 
vitcunins and complex animal (i.^e., man) require that the. vitamins . 
be provided, in the diet. Proper diet is, therefore, of extreme 
iifiportance in supplying these essential co-factors, the vitamins. 
To insure an adequate .supply, many processed, foods today have 
included the vitamias during^ manuf acure. . (Read what all is 
included in "Wheaties" sometime). 

The point of all this is that living matter depends entirely 
upon the working of varirjus enzymes. If anything interferes 
with^ those workings, living matter becomes , dead matter. Conditions 
that inactivate enzymes, therefore, will eventually kill.* 
(pollution??.) / , ' ■ 
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UNIT IV The Organization of Life - Part I 
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OBJECTIVES FOR UNIT IV - The Organization of Life Part I 
The student will be able to do the following: 

1. Express the relationship between the 2nd Law of 
Thermodynamics and the Living biological system. 

2. Define the term entropy - What is its relationship 
to the term energy ? 

3. Understand the significance of the term "times's arrow" - 
(what does. it mean?) 

» 4. Explain how "metabolism" enables the living organism 
TO momentarily evade the 2nd Law of Thermodynamics. 

•5. Distinguish between the terms HETERotROPH & autotroph. ■ 

6. Explain the pi^RASE "electrons are energy". • 

7. Relate the role of photosynthesis to the "electron 
cycle in living matter. 

8. Discuss the role of ATP in biological system's use , 

of energy. Ann Axn 

(a; What -is the significance of the ADP ATP equation. 

9. Be able to compare anaerobic and aerobic respiration. 

10. iicf I ne„ glycolysis as a phase of .Aerobic respiration. 

11. Discuss the relationship of the "Kreb's Cycle" to 
aerobic respiration. , 

12. Be able to" write an equation for aerobic respiration 
involving glycolysis and Kreb s Cycle aspects. 
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Topics for Discussion in Seminar Groups 

I'.'HAT is your EVALUATION OF THE STATEMENT "BIOLOGICAL 
FUNCTION IS VERY MUCH CONCERNED WITH USING ENERGY TO 
CREATE ORGANIZATION QOES THIS DETRACT FROM YOUR MEANING 
OF LIFE - DOES IT ENHANCE THE" MEANING OF LIFE?)" 

The BASES for characterizing aerobic^respiration as the 

MODERN WAY OF OBTAINING ENERGY. (CONVERSELY^ WHY 
anaerobic RESPIRATION AS THE EARLY WAY OF OBTAINING 
ENERGY.) / . ■ 

Do YOU AGREE WITH THE IDEA OF ENTROPIC DOOM? WhAT DOES 
IT, HAVE TO DO WITH nature's WAY OF DOING THINGS? 



Table !• Some impiications of trie Second Law 
as it applies to biology. 

1. All real processes are irreversible, going^ from high order- 
liness (low entropy) to low orderliness (high entropy) . , 

2. If the temperature of a system is held constant, the free 
energy in the system will decrease unless energy is added 

-from the outside. / 

3. The Second Law points the direction in time but does not tell ^ 
when or how fast events will go. ^ 

4. Most biological energy transformations are the result of 

an energy redistribution between molecules following chemical 
reactions. 

5. Biological function is mainly concerned with using ener^ to 
create' organization. 



Time ' 8 Arrow and Life - toward entropic doom - Unit IV 



The uni /erse may be eternal but nothing else is ! No one 
can construct a clock that once wound, will go on forever. Sooner 
or later it must stop, even if it suffers no wear, unless energy 
continues to be fed into it. All systems left to themselves / 
tend toward a state of low^r activity and hence increasing disr 
org2mizat:ion. If we have two comparable systems, the less active 
-and more disorganized one is older. This is called the o" arrow 
of time"; it points in the direction of increasing entropy as/ 
the physicist calls it; more simply it can be interpreted as/ 
meaming uniform distribution, equipartition , of isnergy. Once 
energy has been uniformly distributed between the parts of the 
system, there can be /no further f lovj of it between them and all 
activity must cease. The clock has run down. . 

In a m(^chanical or for that matter, a chemical system, this 
condition is reached when all energy in, the system has been trsms- 
f6rmed into heat and a uniform temperature exists throughout; in 
other words, when each component, molecule has an equal share of 
energy. This represents the ultiitiate degradation of energy 
variously termed "heat death", or more poetically, "entropic doom. 
The princip3.e» of "entropic doom" is enshrined in the Second, Law 
of Thermodynamics or "The Second Law" for short. At one. tine, 
much thought was expended on the supposed eventual running down 
of the universe through increasing entropy. Yet the universe is 
obviously "alive and kicking" and it must have existed in some 
form or other for some time, now. A condition so frequently 
overlooked is that nature does not, laany times, considisr that 
the -shortest dist2uice between two points is a straight line. 
Things do not always happen this way in natui^e. Cyclic processes 
are most generally the rule. To take an example, the geological 
cycle; granite decays to sand, c3.ay and mud, and that in turn is 
compacted into sedimentary rock which is gradually metamorphosed 
by pressure, heat and chemical reactions back into granite. 
Small "increments of energy supplied to the system seemingly keep 
it eternal. - 

The universe is not alone in defying the Second Law. So 
does any living organism, from the .smallest bacterium onwards. 
It may be argued by some that life does not really defy the Second 
Law foi* a non-living system, too, could be kept going ±f energy 
were supplied it from the outside, as it is to an organism in 
the form of food, light and heat. But the special point here is 
that living matter obtains energy by itself ^without any external 
aqency, which, of course, a non-living system caxmpt do. 
roost iAgenious computer built will follow truthfully ^tJi0 "a^^ 
of time" to standstill and decay. : r 

Life defies the "arrow of time" witJiout intervention o£^^^^ ^ 
ternal agencies, even on an individual 8Ca3^^___It,jA,-A-^^ 
work that nQt_only-fteeips-rewlndin^r"it8eIfT3Ut is capabl^^ 



repairing the wear and damage it has suffered and even of 
improving itself. In the vast scale of evolutionary time, 
life shows a steady evolution in comp3.exity, diversity and 
efficiency. Living matter appears to obey what Teilhard 
de Chardin has called the **law of complexlf ication** • 

A living system, is characterized by a continuing drive 
toward a highly regular uniform structural organization. 
This last statement points to an intriguing paradox o£ nature: 
a very high degree of structural prgaAAzation demands the 
continued input of a great deal of energy and a high degree 
of orgeuiization must be present in the organism or cell to be 
able to make ust of the energy. In other words energy is 
required to maintain high order and high .order iA necessary 
to extract energy. A clue to the paradox is contained in the 
fact that chemical cycles are basic to biology. Hence small 
increments of energy can sustain highly organized life systems. 

The probli^imstill remains - "how does energy drive life?*. 
This is one of the most basic problems of biology. A sAftution. 
has been proposed which builds as its model a 8q--called 
"^Electron Cycle". In our prior discussions, mixch has been made 
of bond energy which transferred from molecule to molecule 
through a series of intermediate/reactions ultjjnately performs 
biological work. It is also understood that chemical bonding 
is essentially a play between interacting electrons. Hence, 
by deduction, it is fair to say that energy contained in the 
bonds of .molecules is fundamentally "electron energy", and 
that active and mobile energy, on the molecular level is 
nothing more than electron activity. Life than is iessentially 
built on the transformations of energy via electrons. 

Life is allowed to defy the Second Law only for a limited 
time, for as the individijial nears the end of his alloteed 
span of life, his course is bent more and more in the direction 
of the arrow. Th^ orgemism is progressively disorganized and 
ends up as any non-living system, with "entropic doom" the 
predictable fate of all. This concept is another of those 
fundamental to biology, for living matter becomes dead matter 
when the balance^of organization is deranged beyond certain 
lijRlts. 

■* • . ■ \ - . • " 

What distinguished living from non-living matter organ- 
ization. In these terms an organism may be . characterized as 
an enclosed, highly specialized chemical organization in 
selective 'interaction with its environment, by ioMians of which 
its * specialized character \b being constantly renewed . As 
long as the sun continues t^ be its benefactor, a momentary 
diversion of time's arrow can\be realized. 



ATP - "the most lifelike molecule" (J. B. S. Haldane) - Unit IV 



A distinctive feature of liying matter is its ability to 
regulate the flow of enei:^ through itself. All of living matter 
whether it be animal^ plan^ or microbial, utilized the same 
fundamental molecular prcbndiples and mechanisms in their energy- 
transforming activities. . I'fee energy-transforming activities in. 
living matter may best be visilal^ in terms of a flow of c 
chemical energy from foodstuff molecules to those energy- 
requiring processes which are necessary for the ifiinction and 
survival of living cells (i.e. , osmotic, mechanical, chemical 
or electrical work). . 

The energy of the food molecule is extracted by living 
jnatter, not in the form of heat, but rather- as chemical /energy. 
X!t is now quite certain that cellular energy is conserved in 
the compound adenosine triphosphate which has been known 
universally to all biologists for over 20 years by its initials- 
ATP. ATP is the carrier of chemical energy from the energy- 
yielding fopd molecules to those processes 'or reactions 
living matter which require thiit energy be supplied to them. 

Energy from foodstuff molecules is container^ in the 
chemical bonds of the food. As energy was "locked" into the 
chemical bonds during the synthesis of, the f6od molecule, so 
this energy is released as ^ the food molecule is degraded in 
living matter. \ 

^ Foodstuff molecules may be proteins, carbohydrates or 
fats as well as some* relatively unorthodox substances such as 
alcohol. Any or all of these can provide the ^energy f or the 
processes for which living matter requiries energy. Considered 
from the standpoint of engineering this is no mean feat for 
living matter may be compared tb a machine that can act as 
many things while burning coal, gas qr oil indifferently. A , 
special fuel is no't needed for each function nor does each 
fuel (food) produce a different product. It is as if we could 
burn wood, co^.l or turpentine as well as gasoline in our auto- 
mobiles with equal efficiency. . v 

Such versatility could hardly be achieved except by inter- 
posing a mediator between the many fuels and the users of 
power. The burning of fuels does not directly drive the 
various energy-requiring processes but is conducted in such a 
way so as to produce a universal product from any, fuel v source. 
The intermediary is ATP. 
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ATP - the universal currency in the biological world. 



ATP As a "magic" wdrd in the biological world. Just as 
money is necessary in the economic world, ATP is the currency 
used in the biological world. Generally speaking, nothing gets 
done inside living matter tmless ATP is available. 

The chemical structure of ATP is comprised of three kinds 
of building blocks. First, there is a carbon-nitrogen double 
rin^ called adenine. Attached to this is a molecule of a 5 
carbon sugar (ribose) to which is bonded a phosphate group (AMP). 
If this compound contains a second group, we have adenosine 
diphosphate (ADP) and if a third phosphate group is linked, .»we 
have ATP, adenosine triphosphate. All three types occur in 
living matter. ^ 

There are several ways in which ATP can be made - in plants 
by photosynthesis auid by respiration; in ahimals by respiration, 
only, usually in an oxygen-requiring mechanism. There is another 
process,., fermentation, that also yields small amounts of ATP 
which does not require oxygen* Fermenting yeast cells and some 
bacteria can obtain their necessary ATP in this way. It should 
be no surprise then to learn that the ATP of humans, ajiimals 
and plants is the same and that the chemisti^ of its formation 
is essentially the saune in all living matter. ^ , 

During the energy-yielding degradation of foodstuff 
molecules, ATP^is formed from ADP; some of the energy food is 
thus ••saved" or conserved as the energy of the newly formed 
ATP. TMe chen\ical energy of ATP is then used to perform bio- 
logical wc^rk. 

When ATP is formed, the entire molecule becomes like a 
"loaded sprttng", loaded with ^energy that can be made instantly 
avail2a:>le/ The many chemical steps in the charging and dis- 



charging of the ATP system is directed by the action of 
enzymes. This is the basic j^inciple of the energy cycle in r 
living. matter and central to this cycle is the substance ATP. 

cz:ziD(5M!M^)---c^z>^ 

► . • ■ - 

A large number of ATP molecules is required every second 
by living matter. For examplte, it has been calculated that 
living matter requires about 1500 ATP's to synthesize a single 
protein molecule; about 2000 to form carbohydrate; to manufac- 
ture a giant nucleic acid molecule of DNA requires 120 million 
ATP moleculesr- For a single bacterial cell to reproduce itself 
prior to dividing, a minimum of 2,500,000 molecules of ATP are 
broken dovm to ADP and phosphate per second. As the entire 
bacterial cell contains only one million molecules of ATP, the^ 
rate of regenctratlon from ADP itiust indeed be extremely fast 
especially when one considers that a bacterial cell can divide 
once every 20 to 30 minutes. (It would be interesting for 
those of you who are mathematically inclined to calculate the 
number of ATP molecules a culture of bacteria would produce in 
24 hours assxaming you started with a single cell arid division 
time was 30 minutes - and bacterial cells are only about 5% as 
efficient in producing ATP as are you and II!! 

' . . ■ 

can you now understand why J.»B. S\ Haldane laUaeled. them 
the "most lifelike molecules"? 




Fermentation - ri^fe^«»ithout air" (Louis Pasteur) - Unit IV 



^ "Our misfortunes inspired me with the id«ia of those 
researches^V wrote « Pasteur in the preifiace to a i>ook desbribing 
hid experiments on f eririentation • "I undertook ^hem immediately 
after the war of l670, and have since^ continued them without \ 
interruption, with the determination off. p^Tr footing them, and 
thereby benefiting a bremch of industry\(brewing) wherein we 
^re undoubtedly surpassed by Germany". . Seeking in the brewery 
the "glorie" lost on the battlefield seems a strange motive to 
have led to epoch-making scientific work but overtones of 
national rivalries have motivated more thim one research effort 
in the past.- Stimulus for scientific discovery has oftctn come 
from aims less exalted than the pursuit of knowledge and man's 
thirst for alcohol has done much to further man's understanding 
of his biological nature. (From The Biochemical Approach to 
Life; F, R. Jevons Basic Books, Inc., N. Y,, 1^64) ; 

As we hav6 said, food jnRolecules, more specifically the 
chemical Jx>nds in these molecules , are the ultimate energy 
source for living matter. Glupose is utilized by most cells as 
the food molecule, at the ea^nse of the oxygen they take from 
the atmosphere to yield simple, stable end-ppoducts , carbon 
dioxide and water; this process yields a large amount of energy 
which is conserved in the form of ATP. This process is referred 
to as respiration. Cells that use oxygen are called aerobic 
cells oy aerobes . 

• ^ enzymejs ^ 
^6^12^6 ^ ^ 02 — 3 * 6 HjO + ATP 

However, there are a number of cells^ especially some bacteria 

and other simple organisms which do not use oxygen at all, dr are 

even poisoned by itu Such cells ?ire called anaerobic organisms 
or, more simply, anaerobes . . 

In the entire realm of living organisna, only a few species . 
are strictly anaerobic. These are usually microorganisns , partic- 
ularly those which live in. surrounding having little or no oaq^gen - 
in soils, in deep water, or in marine mud. Among these are some 
pathogens (iie., disease-producers) such as the soil bacteria 
Clostridium welchii which causes gas gangrene in wound infections. 

It appears ' that in the course, of the ev41i;ition of life , 
anaerobes arose first ^dnce it is thought that the primeval at- 
mosphere' was wholly or largely devoid of oxygen. The antiquity 
of this method is furtl^r demonstrated by the fact that it follows 
the same lines in all organisms (both anaerobes and aerobe?) for > 
atf some organisms become more specialised during evolution, they - 
acquired the Capacity to use oxygen while still retaining^ the 
fundamental fermentation mechanism. ' . 
Fermentation still' remains the basic way of life for all types 



of cells can survive for periods on, fermentation if deprived of 
oxygen - even you and I. Only .in aerobes, the process is labeled 
glycolysis instead of fermentation. Glycolysis literally means 
the "dissolution of sugar". The only significant difference 
lies near the end of the process. Instead of yielding alcphol 
and CO2 as does fermentation, glycolysis forms another compound, 

pyrovic acid. - 

It might be of some interest to know that in the fermenta- 
tion process, the alcoholic content can never exceed about 12% 
by volume (the alcoholic content of most^wines) , since alcoholic 
concentrations higher than this kill the yeast cells. THey act- 
ually die in their own waste product - alcohol! Anolfher of these 
wastes, carbon dioxide, provides the "bubbles" found in some 
alcoholic beverages. (In most wines, carbonation is actively 
discouraged.) The alcohol story is an interesting one from ^ 
aiiother viewpoint in that it wasn't until man learned to distill 
his alcohol <remove the alcohol from the^ fermenting mass by 
boiling) that he was able to -produce Jiard-^liquor . Now he c6uld-«-^ 
simply add pure alcohol to his favorite flavored base (scotch, 
rye whiskey, etc.) in any concentration he desired (usually, 
between 40 to 60% by volume) . Pity the poor Romans who could 
drink at most only 12% calcohql - no wonder their jiarties lasted 
so long! But on with our story. 

y The evolution of complex organisms would have been altogethe 
impossible had not anaerobic respiration b^en supplemented by 
aerobic mechanisms for in the primitive process of "life without 
air" only about 7% of the energy contained/ in glucose is ever 
conserved as ATP. Much of this energy is still locked up in the 
end-products^of this process. ^ 

Let?s now consider this "early way of doing things^ to gain 
a bit of an understanding as to how fermentation underlies all 
other forms of metabolism. / 

Anaerobic BreaKdown of glucose always yields two molecular 
fragments with some of the energy released conserved as energy. 
To illustrate, beginning with a six /carbon molecule - glucose 
(CfiH,,0<;)» two C, molecules are fomed. It is important to - 
remeniBer that cells do: not break dbwn glucose just to dxspose of 
it: they carry out this process largely to regenerate ATP from 
ADP and phosphate. / 



Life with Air - The. "Modern Way" - Unit IV 



The real mainspring of energy in complex organisms is 
aerobic respiration in which fuel molecules are completely 
oxidized by moleaular oxygen. ^The enzyme systems involved 
/are 'far more complex than those concerned in fermentation or 
glycolysis. They involve many more enzymes and many more sep- 
arate chemical steps. Furthermore^ these enzymes ^o not occur 
in free form in the liquid portion of the cytoplasm. Rather^ 
they are fixed in specific array in the mitochondria^ which 
for reasons which will become obvious have been called the power 
plants of the cell. 

It is desirable when burning fuel in mechanical or living 
engines, for the energy to be released in a controlled way. An 
energy liberation in small increments is to be preferred over 
an explosive release which might destroy or damage the machine 
or-result ina was t e of much of the energy (Figure 2a) . The 
celX operates in a manner similar to that shown in Figure /2b, 
tapping off the energy in multiple^ stages and transforming it 
into ATP. 



Fuel ^^Waste ^ 

P»o7 ^ ^ ^ ' m ^ to ^ ^ Waste 



Energy Energy Energy Energy Energy 

c * (a) (h) 

Fig. 2. a) Explosive and b) gradual energy release in fuel 
utilization . B is the method of choice in living 
systems » 



To add still greater efficiency to the process, the step- 
wise mechanism functions as a cycle rather than a straight chain. 
This is- represented by the wordless sequence in Figure "3 . In 
this diagram/ compound A forms B; B unites with C to f orm" D which 
then undergoes a series of changes (D-E-F) to return once again 
to C. The' cycle can then start over again using a fresh molecule 
of; substance A. Suqh a cyclic procisss is to be dejired _sirice_ - 
"self -regenerating" mechanism based on smalLI inQlecular phanges 
can better trap a higher proportion of the energy released. 
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E ^ r ^ G 

J ^ I ^ H 

Fig. 3. Schematic represen taction of the complete 
oxidation of a food molecule . It is a 
cyclic process, returning to the starting 
point after each turn of the wheisl . 

. , 

This cycle, discovered by Hans Kreb^ in England, is 
popularly known as the Krebs Cycle and for his efforts he was" 
av/arded a Nobel prize in 1953. (He also was knighted by. Queen 
Elizabeth) . 

/ Go to slide #25 and go back to cassette tape to continue 
the lesson. — 
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UNIT V The Organization of Life - Part II 




aRJFGTIVF? FOR "".TT v - The Organization of !..I|Ff. - Part tt 
The student "'ill ?e aple to do the fol.loving: 

1. Explain '."HAT the terms "complexity'' and "organization" 

MEAN IN TERMS OF THE LIVING ORGANISM, 

2. ' -IaME the three phase? OF THE "fNEPGV cycle" of LIFE. 

3. ,^FLATE THE "purpose" OF CHLOROPHYLL IN THF ENERGY 

capturing 'reaction of photosynthesis. 

1. .Describe generally the "light" reaction of photo- 
synthesis. 

5 . romplffe-thb following : 

Tn PHOTOSYNTHESIS _ir£E£}_ ENERGY IS CONVERTED TO 

. ~ (type) rnergv, 

6. ^ESCRITE GENERALLY THE "pARK" REACTION OF PHOTOSVNTHESIS 

' ('^'hat take.«; place^ overall?) 

., 7. "ESPIRATION is often described as the RFyEP^f. OF 

PHOTOSYNTHESIS. IaME AN ENERGY ASPECT '"HICH IS AN_ 
IMPOPTANT DIFFFPENCE. 

P, "eIATE PARTS of THE CELL TO SPECIFIC FUNCTIONS. '"HIGH . 
THESE PARTS CARPY OUT FOR THE CELL. 
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Topics FOR Discussion in Seminar Groups 

In order for evolution to have proceeded beyond certain 
primitive stages^ photosynthesis ijail to appear. 

Discuss the chart on page ^3 labelled "The organization 
of^ life". 

In putting the ideas of thermodynamics into everyday language 
IT WAS stated: 

"you can't win" 

you can T ever BR EAK. EVEN : - ~„ ~ — — 

"you can t get out of the game 

What is the relationship of "energy" to each of these 
statements? 
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Oxygen and the Ocean - . . 

Many people believe that green plants produce a surplus 
of oxygen to replace that which is converted to carbon dioxide 
in burning of fuels or from metabolism. 'But this is not true. 
A plant produces only enough oxygen for its own use during its 
life (i.e., to carry on its own metabolism) plus enough extra 
for its removal thru oxidation, after its death to return back 
to the original molecules from which it was made — C02 and H2O. 
Wl^ether this oxidation occurs by iTire, by bacterial decay or 
thru respiration of an animal or plant using it as a food source 
has no effect on the ultimate outcome.. When the plant is totally 
consumed, that is returned to the basic molecules of CO2 and H2O, 
all of the oxygen it produced in its lifetime will also have been 
consumed. The only way a plant leaves cui oxygen surplus is if 
it is not completely cohsumed. Study the equations: 



; ~ ^Photosynt:hes±s^:~6C02~ +--I2H2O C6Hr206 ~'*'^602"^^ 

O2 on this side = O2 on^this side (count 
/ them) ^ 

/ 6H20V ' 

Respiration . CeHiiOe + 6O2 : 6CO2 + I2H2O 

(or burning) 

O2 on this side =02 on this side 

Our present atmosphere contains about 20% oxygen. This surplus 
oxygen became available^-when back in geologic time, principally 
during the Carboniferous ^pexjiod, (400 million years ago) organic 
matter was deposited in the unoxidized state foming what we 
nov7 call the fossil fuels -t-coal, petroleum and natural gas. 
Since that time, the. combirtiat ion of green plants and oxidizing 
organisms have apparently ke^t the O2 in the atinosf>here at its 
present level, returning it in amounts equal to the rate at which 
it is withdrawn. The point here is that our present oxygen atmo- 
sphere is due to the large reserves of fossil fuel. ^ As we destroy 
more and more fossil fuSls — as we aye doin^ at an accelerating 
rate - the ratio of carbon dioxide to oxygen in the atxhpsphere ^ 
will change. Why? As the O2 content decreases, the atmosphere 
will come to resemble that found at increasingly higher altitudes 
(e.g. / Mile-high Denver - 18% O2) • 

If the plankton in the oceem were to all die tomorrow , 
land animals (including man) would not asphyxiate. Thet ocean 
animals would starve! The ^ffect of this on the wor:ld's 
supply would be very small. Remember, for every; molecule of food 
(C6H12O6) there are six oxygen molecules out there^ 

Sq,^ as long as we haVe food, there will be 02 t^^^^ >3 

The effect on the world's food supply could be catastrophic ^ ^'4^^ 
in" the event of massive marine destruction, especiiaily' for thbsis ■■r'>^& 
nations that rely on seafood for protein (i.e^ / Japan) . 



Destruction of the world's forests would also have little 
effect on atmospheric oxygen. It is the stores of fossil fuels 
that are important and when these are gone (estimates i^ange up 
to 400 years) then we are in trouble. Can the world afford to 
burn its fossil fuels? 



Photosynthesis - "the other side" of the" coin" - Unit V 



buring the course of evolution, one important prerequisite 
for further development was the necessity to devise a way whereby 
the carbohydrates - the principal source of energy nfolecules - ^ 
could be made. It is generally believed by scientists that for 
the first two or three Jaillion years of this planet's existence 
there was no oxygen in the atmosphere, hence early development 
must have proceeded' without the benefit of aerobic respiration, 
without O2. Early organisms were apparently fermenters - which 
quite literally means "life without air". The carbon molecules 
used in fermentation were presumably formed by processes that did 
not depend. entirely on other" living systems. Reactions with 
oxygen appear late in terms of evolutionary events. However; the 
fundeunental structure of metabolism is still anaerobic and within 
certain bounds quite adequate to sustain life. But, we have 
learned ,--that-^ermen^tation_yields_relativ.ely_.fewM^^ 
hence, if complex organisms were to develop, some other way of 
extracting energy had to be found. 

* So thea,the requirements for evolution to proceed were 

these: first, oxygen had to become available in large quantities 
to permit aerobic respiration and second ,, an abundant supply of 
carbohydrate to serve as food molecules. The mechanism which 
evolved to provide life's most basic demands was the well-rknown 
process, photosynthesis. Photosynthesis is even more complex 
than respiration because not only does it involve the principles 
of organization of the glycolytic system, the Krebs Cycle, and 
electron transport but also a rather elaborate molecular syst^pi 
for capturing light energy. Because of its complexity, it is 
not as well understood as respiration in its molecular detail, 
but it is currently an active and exciting field of biological 
research. (Incidentally, the University of Illinois has some 
of the outstanding scientists in photosynthesis research.) 

We have already seen that the degradation of the glucose 
molecule to CO, and H^O in respiration results in a large output 
of energy. Now, of course, it is well understood that energy 
"does not simply arise from nowhere and so, photosynthesis, belng^ 
the other side of the coin converts radiant solar energy absorbed 
by the chlorophyll of green plants into chemical energy. This - 
in turn is used to "drive" the otherwise low energy molecules of 
S02 and H2O to form high energy sugar as follows: 



CO2 + HjO iela? O fiHy^Ofi 

(low energy) . energy ^hign energy) 



It is apparent that this equation is essentially the 
reverse of glucose oxidation. It is then fair to say that the 
energy extracted to do biological work is fundamentally sun 
energy" which has undergone several conversions. 

.5.0- , , . , - 



Photosynthesis - Contg 




Nature * s way of 
doing biologica 
work. "Sunlight" 
is transferred 
through Carbon- 
Carbon bonds. 





METABOLIC 
CYCLE 1^ 




The teirm photosynthesis applies to the total . process by 
which glucose is formed from C62 and H2O at the expense of solar 
energy. However, two distinct processes have /been recognized 
as occurring" in the overall synthesis of sugar* The first is 
the conversion of light energy' to chemical energy since it is 
fairly obvious that living matter cannot use sunlight directly. 
\Once the light energy has been captured" and transformed into 
"trhemical energy, the second set of reactions by which glucose 

formed from CO2 can proceed in the absence of light. Th.e 
first of these processes, the so-called light reaction is 
absolutely unique to photosynthesizing cells, whereas most of 
the dark reactions, by which the carbon skeleton of glucose is 
built \from CO2, occurs in non-photosynthetic organisms including 
yoa. X 



(Light 

Reaction) 



LIGHT ^^^^9y CHLOROPHYLL 



(Dark 
React 



2H2O — ^L^Ea^l^^ho + ATP + O2 



CO2 + 2^2 i^^H20 



(Carbohydrate) 



The two phases of photosynthesis. 



In the light\ reaction, water molecules are dissociated by 
energy supplied from the sun. It is aif observation apparent to 
all that sunlight dbes not routinely ••split" yater. Here is , 
where chlorophyll en1:ers the action. It captures radiant energy 
and shuttles some of ihis energy into the demolition of water. 
After dissociation, some of the energy which held the molecules 
together is/ used to make, ATP and some is^utilited to charge up a 
carrier molecule by bonding some hydrogen from the splintered 
water to that molecule. T^is, b£ course, leaves^ some O2 without 



Photosynthesis - Cont. 

a partner; this .O2 becomes free oxygen gas and goes out into the 
atmosphere to be used by aerobic organisms. This trapping of 
light energy and transforming it tb chemical energy in the form 
of ATP and a hydrogen-charged carrier molecule occurs in chloro- 
plastsrthese^ contain the green coloring material of plants^ . 
trhlorophyll. We may regard chlorophyll then as nature's appara- 
tus for converting light energy to chemical energy. Again, the 
two mos£ important products of the_llght reaction are the 
hydrogen-charged carrier molecules and ATP - both of thes^, 
highly energetic compounds. Of course; in postscript - the O2 
is important to you andro^- v/e breathe it! 

The second step, the dark reaction so-called because light 
is not rveceissary, makes use of these two highly energetic mole- 
cule^ , ATP and the hydrogen-charged carrier , anH -through a 
series of ten to twel/'ve steps, converts CO2 into the carbohydrate, 
-glucoseT-in-ct-process which is essentially the reverse of— - 
glycolysis. Although it is true that COj fixation can occur 
in the dark, the plant can still only "make hay while the sun 
shines" since the prerequisites for the fixation are manufactured 
only with sunlight and these, being highly energetic, cannot be 
stored. They are directed into the. fixation mechamism almost 
immediately, upon formation. Jn fact, the entire photosynthetic 
process, both light and dark reactions, can be completed in a 
matter of just a 100 seconds. ^ y 

To better grasp what is meant by such speed consider the 
following statistics: It is estimated that at present all the 
O2 in the atmosphere passes through organisms - in by respiration 
and out by photosynthesis - every two thousand" years; that all 
the CO2 in both atmosphere and hydrosphere (all the waters on 
this globe) cycles through organisms in photosynthesis every 300 
years? that all available CO2 in the atmosphere^wduld b^ tie^ up 
in plants in just two to three years if itiweren't for ^respiration 
returning glucose to its baser ingredients; and all the waters 
of the earth are decomposed and recdmpose^dj by photosynthesis and 
respiration every two million years. Another leixample - each year 
jihotosynthesis uses 396 billion tons of CC>2 on this pleuiet to 
make 270 billion tons^ of glucose. Althougfi the figiure varies, ^ 
over 85% of the total world photosynthesis takes place in the 
oceans where it is carried out mainly by marine- algate. Think, of 
it - 85% of all photosynthesis occurs in the oceans. This is 
quite startling when ^ne considers that you and I as terrestrial,, 
land dwelling beings, sometimes think only in_J:erms of our 
immediate surrpundings. The trees, many and large,Vof the 
forests, the cornfields, ^the grasslands, tihe myriad plants grow- 
ing on .bur immense continent alone - these' it would seem provide 
the major photosynthetic factories - but i'n reality, -the oceans 
far and away surpass the total land production on this planet : 
suggesting the potential which the oceans hold for the future if , 
we could only learn to utilize them for the good of all and not 



in support of selfish or nationalistic interests. 

Life does-npt exist everywhere in and on the earth. Rather, 
^ it is confined to an extremely, thin shell that includes part- 
-dcularly the interfaces among land, : aii? and water, no more than 
ten miles from top to bottom (remember the earth is 8,000 miles 
in diameter) . What sets the Ij^its to the biosphere? Reference 
to Figure 2 provides a major clue to the distribution problem, 
The energetic foundation of all life is coniverted solar energy, 
^he major requirement for the -penetration of life down into the 
cracks and crevices of the' earths The life-content of the ocean( 
deeps, the Surface of the desert, the jxingles, depend fundamentally 
•^upon the transformation of radiant energy^ Some living organisms 
dan exist^ indef initely in dark deep caves or in the eternal daitkness 
of ocean depths'- but with few exceptions they do so only by 
"virtue of transfer to them of energy-rich compounds made by organisms 
living in the li^t. Clear Ly, h9Wever, life is not equally dis- 
tributed everywhere, it occur;! :in patches of greater or lesser 
abundance/ in conformity with local- variations . The term "biomass" 
is^~applied~t^ that makes up the , 

living organisms present in the given area^. The biomass of the 
earth has never been measured. We have no idea how much the 
entire biota of the earth would weigh at this moment, nor how the 
figure changes^ from season to -season, year to year or era to era. 

We do know that the largest components are the autotrophic 
ox-ganisms, the green plants.. A second cpmpojnent includes the 
hGterotrophs, mainly animals , which feed upon the autotrophs. 
A basic cycle of energy is set up Within the systdta - from s\in 
and earth to autotrophs, from autotroph tO/heterotroph, from 
heterotroph back to earth, and so on. JThe steady supply of new 
energy from the sun powers the cycle and replenishes the inevit- > 
able leakage of energy- out of the system^ in the form of non-recoverable ; 
heat as predicted by .the 2nd Law. ThSse energy systems, called ■ ^ 

ecosystems by biologist?, may be very large and complex or relatively 
small' and simple. However, it is woirth mentioning that there 
arfe no completely isolSated parts of the biomass - parts interact 
with other parts - O2 and CO2 are compartments of the biosphere .■■ ■''^i-: 

flowing to and from the biomass* Wliat is emphasized her6 is that 
all earthly life, for certain important reasons, can be conceived 
to be. a single ecosystem. It may be a long time before we fully 
understand the complex interactions thajt occur within t^^ 
and pr:obably still longer before we comprehend its iinplicati^ 
for the human conmiu^ity. Wo are just iiow awaJcehing; to tli^^^ 
awesomeness of this realization* It is becoming. mo^ 
clear that if we change one component;; eyery <^ 
affected - sometimes far rembved from thei original 
disturbance. It is really quite shocking to lefarn that^^ 
no longer any f rfesh air on our continent The Vest^^^^ 



■■.■.-i'jii 

[Si 



fresh from the Pacific Ocean is already i^liuted with^^^s^ 
from its; ■ previous circulation abound the : eartii. Matter wwered , - ; f:0^ 



by energy flowing ^ough the thin f ilm of the bi^phere ;A^^ 
constantly altering its properties in response to environmental 
change. The ecosystem can be changed for better or for ; : 5?!^ 




Energy cycle of the biospheire are powered by the. sun. 
Land plants bind solar en^^rgy into organic compo^ds 
(heavy broken arrows) . Residual compounds are decomposed 
by bacteria (light solid arrows). Energy is fixed by ' 
microscopic sea plants in photosynthesis . (heavy solid 
arrows)/ In the water cycle, (light broken arrowsX water 
evapoljiited from the sea is precipitated on lahd^and used 
by li^ving organisms r and eventually returns to the sea 
carrying minerals and organid matter. (Prom Cole/. 
Scientific American y April 1958) . 
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OBJECTIVES FOR U^JIT VI. - The Concept of Appropriate Size 
The student will be able to do the following: 

1. Discuss why increase in the size of an individual cell 

BEYOND A certain LIMIT DOES NOT OCCUR AS THE ORGANISM 

. grows larger. 

2. Compare diffusion and osmosis; how are they similar; 

HOW DO they differ? 

3. Given a diagram illustrating oSMOsis^ the student will 
be able to show directional movement of water based 

on concentrative differences. 

4. /'Define the "Scale Effect". Discuss how it relates 
/TO osmosis and diffusion. 

5. Define the relationship between the size of a cell ' 

/ AND ITS rate of METABOLISM. . . . 

6/! Describe what happens to a form like a virus when it 

' BECOMES too SMALL TO EXIST IN A CELLULAR STATE. 

7. Name two solutions that cells and/or organisms have 
devised to expose added surface area to an environment. 

8. Name several ways plant*^ have resolved the surface 
area to volume relationship in their existence. 

9. Name some factors which limit how large an organism 

CAN GET. 

i 10. Show the relationship which exists between size/ rate 

OF METABOLISM^ AND MAINTENANCE OF CONSTANT TEMPERATURE./ 
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Topics for. Discussion in Seminar Groups 



Popular movies often show enlarged forms of this or that 
animal marauding cities^ eating people^ and taking over 
the world. discuss what you have learned in this unit 
to discount these possibilities, 

Discuss the question: Why does a cell divide? (You have 
covered information in this unit which should answer the 
question,) 

Discuss what impact the concept of "size" has had on the 
evolution of living things, 



For Review (1) : The following details were involved in the 
experiment pictured: at the beginning of the experiment the 
liquid volumes were equal in both tubes, a semipermeable 
membrane separated the two solutions; the apparatus was allowed 
to stand undisturbed for several days. 

side A side B 



15% sugar 
1% KMnO^ 

H2O 




5% sugar 
3% KMn04 
H2O 



semi-permeable membrane- 
Given: permeable to water and potassium permanganate (KMn04) 
' ' . impermeable to sugar 

During the experiment, what would happen to the water level?' 
(a) 



(b) 
(c) 



It will rise in A since water will diffuse from a 
region of greater concentration to a lesser one. 

It will rise in B since water will diffuse from a 
region of lesser concentration to a greater one* 



It will remain the same. 
What will happen to sugar in A? 

(a) It will become more concentrated and B will become less 
concentrated since wat^r moves from A to. B. 

(b) It will bescome more concentrated and that on B les^js 
concentrated since water passes from B to A. 

(c) It will become less concentrated and B will become 
more concentrated since water passes from A to B. 

(d) It will become less concentrated and that on B will 
become more concentrated since water passes from B to A. 

Which of the following best describes what will happen to 
KMn04 during tlie experiments 

(a) There will be no passage of KMn04 because solutes do not 
go thru semi-permeable membranes. 



(b) There will be a slight passage of this stibstancei but 
the passage will be restricted by the size of the pores 
of the membrane. 

(c) There will be a slow movement since the concentrations 
are about equal . 

(d) There will be no passage since KMn04 is insoluble. 

If we could insert a; pressure-measuring device, on which 
side would the pressure be greatest: 

(a) Side A at the beginning of the experiment. 

(b) Side A at the conclusion of the experiment. 



i 




Fig 2. Make an inference concerning cell size based on 
the results of the diagrammed experiment. 

Inference: • \ ■ 




GO TO SLIDE 15 START TAPE 
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UNIT VII What Do He Inherit? 
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OBJECTIVES FOR UNIT VII - What Do We Inherit? 



The student will be able to do the following: 

1. to distinguish between characteristics which are acquired 
through biological transmission and those which are 
culturally transmitted, 

2. to explain in general terms the process of fertilization 
and how this is related to genetic transmission. 

3. To DEMONSTIWE HIS (HER) KNOWLEDGE OF HUMAN CHROMOSOMES 
BY RELATING THE NUMBER PER NORMAL CELL TO THAT OF A 
GAMETE AND BY EXPLAINING THE RELATIONSHI P. BETWEEN GENES 
AND CHROMOSOMES. 

4. To USE THE TERMS HOMOZYGOUS AND HETEROZYGOUS IN EXPLAINING 
VARIABILITY. , 

5. To DEMONSTRATE HIS (HER) KNOWLEDGE OF ME I OS IS BY 
DIAGRAMMING THE STEPS INVOLVED TO INCLUDE WHEN AND HOW . 
CROSSING-OVER OCCURS. 

6. To RELATE THE VARIATION RESULTING FROM THE PRODUCTION , 
OF MANY KINDS OF SEX CELLS TO THAT FOUND IN THE GREAT 
NUMBER OF DIFFERENT ZYGOTES. 

' - ' ^ 

7. To USE THE TERMS AUTOSOMES AND SEX CHROMOSOMES AND 
EXPLAIN HOW THE DIFFERENT SEXES ARE PRODUCED. 

8. To INTERPRET A SIMPLE PEDIGREE CHART. 

' 9. To USE THE TERMS PLEIOTROPY., km EXP^FSSIVITY 
PENETRANCE TO DISCUSS A GENETIC CONDITION, 

10. To GIVE SEVERAL EXAMPLE? FROM PERSONAL KNOWLEDGE OF HOW 
ENVIRONMENT CAN MODIFY HEREDITARY ENDOWMENTS. 

11. To COMPARE THE TERMS PLOIDY AND NON-DISJUNCTION. 

12. To EXPLAIN IN GENERAL TERMS HOW TuRNER's AND DoWN's 

AND Klinefelter s syndromes are -caused. 

13. To COMPARE THE^CONDITION KNOWN AS PKU WITH DIABETES. 

14. To explain'what is meant by the PHRASE "genes are CHEM,ICAL 

PACKAGES OF POTENTIALITIES 
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Topics for Discussion in\ Seminar Groups 

„ ■ .\ . ' ■ 

do you think that a person should be held legally responsible 
for his actions even though he may have a hereditary 
predisposition toward those acts? 

Why do you think it is that in practically every society 
there has developed a taboo against close intermarriage? 

Of what signifjcance is crossing-over to evolution? 

Should we have a "maximizing" or' a "normalizing" environment? 



\ 
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Glossary of Genetics Terms - Unit VII 
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1. Allele - One of two or more alternative hereditary units or 

genes... Ex. The gene responsible for coloy blind- 
ness is an allele of the alternative normal gene. 

2. Autosome - Any .chromosome other thaja a sex chromosome. 

3. Backcross - The mating of a hybrid to one of the parental 

varieties or species. 

4. Centromere - A definite region of the chromosome which binds 

together the two chromatids and to which is 
attached the spindle fibers during mitosis or 
meiosis.- 

5. Chromatid - Either one of, the two identical strands oi: " 

daughter chrompsofhes formed during mitosis or 
meiosis. 

6. Chromosome - Deeply staining bodies visible under the' micro- 

scope in the cells^ especially at the time of 
cell division. The chromosomes consist essen- 
tially of genesj arranged in linear or^er. " 

7; Crossing-over - The exchange of corresponding blocks of 

genes betx^een chromatids of homologous 
chromosomes resulting from breakage ' and ^ 
fusion during meiosis. 

8. Dihybrid - An individual which is hybrid (heterozygous) with 

respect to two pairs of genes. 

9. Diploid - Referring to the double set of chromosomes found 

in body cells. 

10. Eugenics - The science concerned with the development and 

application of methods for. the genetic improve- 
ment of the human species. 

11. F]^ - Offspring resulting from the crossing of two homo- 

zygotes. ' ' '\ 

12. Fo - Offspring resulting from the crossing of two F^^'s. . ^ 

13. Genotype - The genetic make-up of an individual. . ^ 

14. Haploid - The reduced or single set of chromosomes found 

in a gamete (sex cell).. ^ . 

15. Heterozygote -/An organism with a gerie.pair of unlike genes 

■which will produce /two kinds of gametes ^ . 
with respect to this gene pair. . ^ 



16. Homologous chromosomes - Chromosomes occ-urrlng in pairs; 

one from the sperm, the other from 
the egg. 

17. Homozygote - An organism with a gene pair of like genes 

which v;ill produce only one /kind of gamete 
with respect to this gene pair. . 

18. ^ Hybrid - An offspring resulting from a cross between 

parents which differ in one or more genes. 

19. Meiosis - Two successive cell divisions whigh. give rise to 

haploid cells. 

20. Multiple alleles - A series of three or more alternative 

alleles which occur in an individual 
two at a time. 

21. Phenotype - The physical appearance of an organism. 

22. Pleiotropic gene - One which produces two or more distinct 

effects in an individual. 

23. Polyploid - An unusual organism with three or more sets of . 

chromosomes. 



24. Sex chromosomes - Chromosomes concerned especially with 

the determination of ^ sex. In most 
* . ' animals, two X chromosomes form a female 

and an XY combination gives rise to ^ 
males. In birds, some moths and some 
fishes, the male is .XX and^ the female is 
XY. In some invertebrates the female 
has two X chromosomes and the male has 
only one X and no Y. 

25. Sex linkage - Refers to genes found on the sex chromosomes. 
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Activity PTC and You UNIT VII 



How unique is one's taste? Some people say taste is all in one's 
head and so it is, but not necessarily in the mind. Let's consider 
PTC tasters and non-tasters. PTC is an abbreviation for phenyl- 
thio-carbamide, a chemical that is tasteless to non-tasters 
(logical) and tastes bitter to most tasters ( a few tastWs assign 
its taste various other descriptions). The ability to taste PTC 
is inherited. An important (or at least interesting) observation 
is that tasters cannot taste the substance unless it becomes dis- 
solv-^d in the individual's own saliva. Dissolving PTC in water or 
dissolving it in someone else's saliva will produce no taste in 
a taster when placed on a dried area of the tongue. If it is 
dissolved in the individual's own saliva however, the PTC can be 
tasted. Non-tasters cannot taste PTC under any of thiese conditions. > 
The indication is that each individual's saliva is different and 
the difference affects the individual ' s^ *:aste. Other evidence 
points in the same directi(6hy;. The amounts of various substances 
secreted as part of the sarfva varies extensively from individual 
to individual. An example is the amount of various amino acids 
(remember them?) found in the saliva.. The table jDelow shows the 
range in values for, the amount of uric acid plus some ol the 
amino acids in the saliva of nine individuals from which repeated 
samples of saliva were taken. Two things should be noted about 
these values - first, the relatively wide range of amounts for each 
substance (column 2) and second, each amino acid was detected in ( 
less than all of the samples (column 3) - 89% of the samples contained 
varying amounts of glutamic acid whereas only 33% contained 
varying amounts of aspartic acid; thus 54% of the samples contained 
some glutamic acid but not aspartic ac ^ " • Other similar variations 
can be derived from the table as v/ell ndications are that a 
seemingly nondescript substance - sal> v/^. - may be quite individualistic 



Test yourself 


to determine your ability 


to taste PTC. / 


Taster 


Non-taster ' x 


/ 

(Ciieck your response) 




Salivary Amino Acid Secretion Patterns^ 






Per Cent 




Range for Different 


Secreting 




Individuals , 


Detectable 


Substance 


^ Mq/ml. 


Amounts 


Uric acid 


2.5-150 


\ 100 


Aspartic acid 


0 - 3.3 


\ ■ 33 


-Glutamic acid 


0-20 


\ 89 


Serine 


0 - 12 


44 


Glycine 


0 - 36 


89 


Alanine 


0-29 


89 


Lysine 


0-15 


44 
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UNIT VIII How Like Begets Like - The Genes at Work 
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OBJECTIVC^^ FOR UHIT VIII - flow Like Begets Like - The Genes at V'ork 
The- student will be able to do the following: . 

1. to discuss the three properties required of genetic 
material. ' " 

2. to explain the significance of griffith's experiments 
on pneumococcus. ..^j 

3-,\ to relate the structure of -a virus to its ability to 
attack a living cell. - 

' . t " 

^. To DIAGRAM A NUCLEOTIDE UNIT AND EXPLAIN HOW THESE • 
UNITS FORM A D(]A MOLECULE. 

5. To GIVE AN EXPLANATION FOR THE FACT THAT PROTEINS . 
ARE CALLED THE MAGHINERX, OF THE CELL- ... - 

6. To DISCUSS THE RELATIONSHIP BETWEEN THE GENETIC CODE 
AND PROTEIN SYNTHESIS. ^ # 

7. To DEFINE CELL DIVISION IN TERMS OF DNA DUPLICATION'. 

8. To COMPARE THE PHASES OF MITOSIS WITH REGARDS TO THE 
SHAPE OR POSITION OF THE CHROMOSOMES OF EACH. 

9. To EXPLAIN THE ROLE OF THE RIBOSOME IN PROTEIN SYNTHESIS. 

10. To RELATE THE ROLL OF MESSENGER RNA TO TRANSFER RNA. 

11. To COMMENT ON THE RELATIONSHIP BETV/eEN- A SPECIALIZED 
CELL AND THE GENES WHICH ,IT POSSESSES. 

12. To EXPLAIN WHAT IS MEANT BY THE TERM "GENETIC BLOCK", 

; 

13. to discuss the various aspects of the sickle-cell 
anemia syndrome, 

1^. to relate the biochemical pathway of phenylketonuria 
to the fact that this is a genetic disease. . 

15. Explain mutations in terms of the genetic code^ 

/' ' ■ . 
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Topics FOR Discussion in Seminar Groups 

What would-be a practical and workable solution /TO genetic 
diseases such as phenylketonuria? 

Do YOU THINK THAT IF A GENETICS COUNSELOR TOLD A COUPLE 
THAT TrfEY HAD A ONE IN FOUR CHANCE OF HAVING AN ABNORMAL 
BABY THAT THIS SHOULD DETER THEM FROM HAVING CHILDREN r 

If scientists had the ability to change DrJA> should they 

DO so? 




\ / 

UNIT VIII - Mitosis in Plant Cells 

' ■ ■ i\ ■ 

The onion root tip is one of the most widely used materials 
for tfhe study of mitosis, since i^ is available in quantity 
and preparations of ' the dividing cells are easily made. The 
chromosomes are relatively large and few in number, and hence 
they {are easier to study than the cells of many /other organisms. 
There are regions of rapid cell division in roo^t tips; the 
chances are therefore good that within such tissues one can 
identify every stage in mitosis. There are several reasonably 
distinct stages in cell division, although the process is 
continuous and there is some gradation betweeri the various steps. 
These steps in sequence, are prophase , metaphase , anaphase , and 
telophase (see Fig. 1). 



pbtain a slide of anion root tips. Hol4 the slide above a 
sheet of white paper, and note on it a seri'es of dark streaks. 
Each I streak is a very thin .longitudinal section through an onion 
root I tip. 

Place the slide oh the stage of the microscope and locate 
one of the sections under low power. It /is often possible, 
undef power, to deteiymine whether a given section shows good 
mitotic' stages. Since each section is very thin, not all 
willTbe equally good/ for study. After ^preliminary examination 
under low power, change to high power, fcJeing very careful not to 
break the slide. Keep in mind the sequence in which the different 
stages occur, but d<!> not try to find thpni in sequence. Thus, if 
you happen to find an anaphase first, study it before proceeding 
to another stage. Most of the cells wjjlll probably be in inter- 
phas^ or "resting" ^hase. Why is this/ not a good term to use? 

The next largest number will be in prophase, and only a few 
wiilj be seen in met'aphTise, anaphase, ^nd telophase.. The reason 
is that these cells remain in interphase and prophase longer than 
in the other stages \ 

i ' ■■ 

1(a) . During prciphase the chromosomes become distinguishable 
in the nucleus. The\ nuclear membranie breaks down, and the chrom- 
osomes become distributed randomly through the cytoplasm. At this 
stage in the onion root tip,, the chromosomes often isippear as a 
coiied mass, ai)d in s6me cases the ipuclear mer*>rane may still be 
intact. These elongated chromosomes later become condensed into 
shorter chromosomes and the nuclea;]^ membrane disappears. Even at 
this learly stage each Chromosome has probably doubled, although 
this will be difficult to see on the slides. 

(b) . During metaphaW , tlie chromosomes ^g^^range themselves near 
the center of the cell. \ln the oijiicn^ the ends of the chromosciimes 
will rirotrude into the cytoplasm on each side of the ceritBr-of the 
cell.n The metaphase stage is apparently a pr^feparation for the 
equal |aivision of chromosc^mes between the daughter cells, a process 



which begins in the next phase. During or somewhat before meta- 
phase, small threadlike structures called spindle fibers form in 
\ the dividing cell. The function of these fibers is still debatable 
^nd they are often hard to see. Some of them appear to be attach-' 
ed to the chromosomes , and they, may assist the chromosomes in 
their movement to the opposite sides of the cell. The fibers 
usually appear most clearly in the next stage. 

(c) . At the beginning of anaphase the members of each of the 
previously doTibled chromosomes separate, one moving toward one 
side of the cell the other toward the opposite side. This stage 
can be recognized in the onion because there will be two groups 

of V-shaped chromosomes on opposite sides of the cell. The 
sharp end of tlxe V is pointed toward the cell wall, the open end 
toward the center of the cell. The onion has sixteen chromosomes; 
hence it is seldom possible to see all of them at one time. Cut 
down the light on the microscope, and see if you can find any 
spindle fibers near the center of the cell. They will appear as 
very fine lines between the two groups of chromosomes, but they 
are often not visible in a study of this kind. 

(d) . Cell division is completed during telophase, emd reorganiz 
ation of the cell contents of the two daughter cells begins. It 

is often difficult to distinguish betweea late anaphase and early 
telophase i,n the cells of the onion root tip. ^During telophase, 
however, a cell plate starts to form across the center of the cell, 
which when complete will divide the original cell into two daughter 
cells. This cell plate will appear as a fine line that passes across 
the dividing cell, and in some cells it will not be noticeable. 
Another point of difference between telophase anA anaphase 'is 
that during telophase individual chromosomes are not as distinct 
as in anaphase. As telophase progresses, the nuclei begin to re- 
organize and the chromosomes become indistinct in the chromatin 
' throughout the nuclear material . 

In both plant and animal cells, the daughter cells resulting 
from mitotic division have the same nurnber and kinds of chro- 
mosomes as the original cell from which they come. Thus, in the 
onion, each daughter cell has sixteen chromosomes, just as the 
original cell had. This is not so evident in the slides you have 
already studied, because specially prepared slides and considerable 
experience in their study are necessary before this many chro- 
mosomes can be accurately counted. ^ 

One difference in mitosis between most plant and animal cells 
should be pointed out at this time. When plant cells divide 
a cell plate forms, as we saw in the onion root tip. This is _ 
_„probably correlated with the fact that plant :cells_hav^ a nonliving 
cell wail . As previously noted, animal cells do not have a cell ^ 
wall but aure surroiinded only by the plasma merfarane. *^ 
animaX cells divide; there is a constriction near the center of 
the original cell. This constriction, which goes completely 
around the cell, deepens until the cell is pinched into two - 
daughter cells. . 
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UNIT VIII 

■ . ■ ■ ^ 

•'Hormones and Genes" - Scientific American Offprint # 1013 
Erich H. Davidson 

1. All of the nucleated cells of an organism contain a similar 
copy of the DNA, What problems dees this pose as we attempt to 
more clearly understand cell function or cell spacialization? 

2. A plant, after being kept in the dark is exposed to light. 
It immediately begins to mamufacture messeng^x^RNA for the 
synthesis of chlorophyll. What doe5--fehi*-3ixlclicate about -gene action? 



J ' 

3. Different hormones are thought to work in different ways. 
Gene regulation is suggested as one important method. Construct 
a model (verbal or by -use of diagram) that might explain such an 
effect, as the appearemce of secondary sex characteristics. (e.g 
body shape, accessory sex. glands, etc) 



4. Why are the sex hormones (estrogen and testosterone) ideal 
for studying the relationships between hormones and genes? 



5. Ecdysone, an insect hormone important in the molting process, 

is thought tc have an effect on geiie activity by causing swelling 

or puffs at specified locations on chajomosomes in insects. How 

does this observation allow for such an interpretation? 



6. Can you see any / pTi^cticaV application of the research 
described in thia article? 



74 



70 



ERIC 



SICKLE CELL ANEMIA - UNIT VIII 

• In sickle-cell anemia (or Sicklemia) most of the red cells 
of a sample of fresh blood look normally discshaped until 
deprived of oxygen, when the characteristic sickle or crescent- .. 
shaped forms with threadlike extremities appear. ReexpoGure to 
oxygen causes immediate reversion to the disc form. Only 
patients with^-the homozygous (inherited from both parents) form 
of the disease a^e anemic. Their red cells begin to sickle when 
exposed to oxygen concentrations like those of the normal venous 
blood. Much lower oxygen concentrations are required ^o cause 
sickling of the ciells of the nonanemic, heterozygous (inherited 
from only one parent) form. . 

In 1949 the sickling phenomenon was shown by Linus Pauling 
of the California Institution of Technology to be associated with 
an abnormal electric charge on the molecule, accounting for most 
of the hemogl'ogin in the severely anemic form but for somewhat 
less than half that in the heterbzygous patients. 

^ Th^ gentic abnormality that causes sickling (it occurs mainly 
in black people, and far less frequently in Italians, Greeks 
and other peoples living around the Mediterranean Sea) may at 
one time have been benefical. Sickled cells resist malaria,^ and 
people who had them may have had a better chance for survival 
during- malaria epidemics that have ravaged African populations. 
But today, its possible usefulness gone, sickle cell anemia remains 
a torture and killer of blacks, a dread disease against which 
America's Black communities are moxinting a counterof f ensive. 

About one in every 10 Am^ican , blacks carries the traits. _ 
Most of these carriers have very little sickling in their blood 
and have no trouble from' it at all during their lives. But if 
two trait carriers marry and have children, they can expect one 
out of four of their children to have the severe disease which 
we call sickle cell ememia. ^ ^ 

In detection of sickle cell anemia, a blood sample is combined 
in a solution of potassium phosphate, ^sodium dithienite, and 
sapeniu. Clouding of the solution may indicate it but is not 
splciii*^ for the trait or the disease, if urea is then added and 
the solution becomes clear, then it is present. This test does 
not distinguish between those who have the trait and those who 
have the disease but singles out those who should seek further 
attention. ^ ^ / . 

Dr. R. M. Nalbandian in 1970 claimed , to have relieved the 
condition ^f one patient by injecting large amounts of urea, which 
breaks the hydrophobic bonds between the valines. Dr. A., cerami, 
working on the theory that one of the impurities of urea was^ 
responsible, singled it down to cyanate which he found worked 
better because the effect was piermanent and only samll amounts 



were required. Experimentation on animals have famed up no ill 
effects. Testing in humans is measuring the effects on the red 
blood cell's life span and so far cyanate is increasing the life 
of the red blood cells and reducing the sickling effect. 

In May 1972 Nixon signed a bill providing $25 million for 
1973/ 40 for 1974, 50 for 1975, 10 million to be spent by the end 
of 1972. 

Ten comprehensive centers were set up, 34 research contract^ 
were let, and 19 screening and education clinics were esteUDlished. 
The new program has foxir parts: educating the public, screening, 
gentic counseling, and referral of patients for treatment. 
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The Genetic Control of Development UNIT VIII 



At the Demorfstrat ion Table are petri dishes prepared for your 
examination. , They contain the red-colored bacteriumj Serratia 
marcesans, which owe their color to the pigment prodigiosin. 
The piginent is the product of a chemical sequence similar to the 
one in slide #28. Individual concentrations of these organisms 
are termed colonies, with each colony containing about 50 
million bacterial cells. It is further interesting to observe 
that each colony resulted from a single bacterium placed on the 
agar surface. If 20 colonies are present, there were 2C original . 
cells on the plate. Reproduction is by the asexual process, 
cell division (mitosis) . ' \ . 

Prior to indubation, these plates werq exposed to ultraviolet 
light (UV) . This high energy light (radiation^ can produce a 
change in the DNA code resulting in a mutation which can then be 
passed on to succeeding generations. 

Not all the colonies in the dish have the same degree of 
color. This is because production of pigment is due to the activity 
of several genes (multiple genes,) . The number of genes involved 
has not been fully determined. 

1, Notice the variety in color types, red, orange, white, etc. 

2. Explain in your own terms what probably happened . to 
produce these changes. , 




case Histories - UNIT VIII 



(From Coimseling in Medical Genetics - Reed) 

I. Rh Disease 

Up tintil the last decade, it was not xincoinmon for some couples 
to have a normal first baby and have their second child die from 
hemolytic disease of thie newborn (Rh Diseaise) . If you were to 
study such a cpuple; what would you learn their genetic makeup to 
be with respect to the Rh factor; why was the first baby born 
healthy, and what might now be done for such a couple to prevent 
. this tragedy? 

II. Albinism 

The frequency of albino births is 1 in ^every 20,000 approximately. 
Now the surprise r With a proportion of 1 in 20,000 of the population 
being homozygous, what proportion of the population do you think is 
heterozygous for the albino gene? The answer is 1 out of 70 persons 
carries the gene for albinism. This is determined by applying the 
Hardy-Weinberg Law which states, that an equilibrixim exists between 
heterozygotes and homozygotes. The quilibrium is in the form of 
the binomial expansion (p + q) ^ = p^ + 2 pq > q"^ where q is the fre- 
quency of the albino allele. The homozygous albinbs are represented 
by q^ or 1/20,000. The square root of 1/20,000 equals 1/141 eq^aals 
q. If p + q = 1 then p = 1-q so p = 1 - 1/141 or 140/141. The 
frequency of heterozygotes is expressed by 2 pq so 2 (140/141) 
(1/141) = 280/20,000 or 1/70 approximately. 

ILLUSTRATIVE EXAMP.LE 

Request A physician delivered an albino ch|rld to a prominent 
young couple. They were much perturbed about the situation, but 
the physician told them that ir the child were kept from the prying 
eyes of relatives and neighbors for a few months it would darken up 
and everything woilld be fine. The couple received assiirances that 
it was just an accident and could not happen to them again. After 
£d)Out a year the couple decided that some mistake had been made, 
as the child was still definitely an albino. They came to the 
Dight Institute. 

Reply As the young parents were intelligent and well educated 

In most respects , a short conversation was all that was necessary ^ 

to explain both the chemistry and the genetics of albinism. Their 

confusion departe* and they made their decision for the future on 

the spot ^ without further assistance. Their 1 in 4 chance of an 

albincr"a'tr^each~sxibs^e unpleasant surprise 

but one which they were able to comprehend and accep'^ with fortitude; 



III . Down • s . Syndrome (Mongolism) 

♦ . ._ ' ' 

•/ , ■ ^ ? ^ ^. 

Down's syndorme is caused by the presence of one extra chro- 
mosome, nsunely number 21. This is caused by a failure of the homo- 
logous chroxiiosomes to separate during meiosis resulting in a geunieter 
'most often an egg, having two of chromosome nvunber 21 and tjie 
resulting zygote would then haVe three., Thisf non-disjunction is 
definitely affected by the age of the mother. If the alge of the 
mother is ^between 20 and 25, her probability of having^ a mongoloid 
is around .03%,! but if she is between 45 and 50 the pro.bability <^ 
has risen to 2.i^% or an increase of almost a hundred times. The 
overall frequency for the population is around 1 per 600 bitths. 
This type of temporary nondisjunction is usually random so ^that ' 
if a young mother has a first child with Down's syndrome* Ihe^ 
probability that she will have a second child with it is about 
the sairfe as the general population or 1 in 600. However this 
chromosome upset can be caused by a translocation, this means that 
she has one #21 and one #15 which are separate and one 'translocated 
chromosome made up of a #21 and #15 joined together. She can 
produce six different kinds of geunetes. Of these, three will be 
lethal, one will cause Down's syndrome, one will form a normal off- 
spring, one will foraBia Carrier. So the probability of a carrier 
mother giving birth to a mongoloid is 1 in 3 not 1 in 600, a 
crreat difference. If a young mother has a mongoloid baby, then 
an exflunination of her chromosomes (a karyotype) ' should be made 
before advising her as to whether or not she should have a second 
child 

IV. Cvstic Fibrosis (Fibrocystic Disease) ^ 

Cystic fibrosis ^s the most common gentic disease among Cau- 
casians. In this United Spates, it occurs once in every 2,000 births 
It is- caused by an autosomal recessive gene which v^ien homozygous 
causes malfunctions of the liv-er, !pancreas and intestine. It was 
once a fatal dise'ase but ^riow early diagnosis and intensive treat- 
ment ^ make it possible for victims to live fairly normal and active 
lives. However r it is still a very dangerous disease for children. 
Carriers cannot be detected yet. 

' If you were a gentics counselor, how would you explain the 
gentic aspects of eystic fibrosis to a yoting couple in each of the 
following situations? ' 

1. ' A couple with no record of cystic fibrosis in ^either 

family. ■ \ - - 

2 . A >abouple inquiring about a second child with the first 
child having cystic fibrosis. 

3. A co^P^® their first child where the future- 
mother has a sister with cystic fibrosis add the 
future^ father's mother also had it. 

4. A couple expecting their first child where the father 
has cystic fibrosis but where there is no record af. 
it in the mother's' family. 
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Location 



Institution 
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Dight Institute, University S.C. Reed 
of Minnesota 

Tulane University H.W. Kloepfer 

Heredity Clinic, University J.V. Neel 
of Michigan 

Institute of Genetics, Ohio D.C. Rife 
State ^ University 

Hospital of Sick Children N.F. Walker. 

'Department of Medical Gentics, C.N* Herndon 

Bowman Gray School of Medicine . 

Department of Medical Genetics, F.C. Frkser 

Children's Memorial Hospital 

New York" State Psychiatric ^ F.J. Kallmann 

Institute 

Children's Cancer Research A.G. Steinberg 
Foundation, Harvard University 



Berkely, California 
Salt Lake City, Utah 

Austin," Texas 

■\ 

Norman, Oklahoma 
MiTineapolis , Minnesota 

New Orleans, Louisiana 
Ann Arbor, Michigan 

Columbus, Ohio 

Toronto, Ontario 
Winston-Salem, N. C. 

Montreal, Quebec 

New York, N. Y. 
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OBJECTIVES FOR UNIT IX - Science. Sex ... and Other Things. 

The STUDENTS WILL BE ABLE TO DO THE FOLLOWING: 

1. Explain what is meant by asexual reproduction and 
give an example. of an organism that practices this 

.PROCESS. 

2. Use the term.- clone, in an explanation of how identical 
twins are formed. 

3. Discuss the relationship between sex and-genetic 
variability/ and relate these to evolution. 

4. explaim why old individuals are eliminated. 

5. Tell why a sperm cell is dependent on a nurse cell 
in the testis. ' 

6. Relate the function of the testis to the situation 
where it does not descend into the -scrotum. 

7. Identify the site of fertilization in humans. 

8. Trace THE Early stages of development of the embryo. 

9. Explain in general terms the structure and function 
of the placenta. * j . 

10. Discuss in a general way. the female hormonal cycle. 

11. List and discuss the- functions of some modern birth- 
control DEVICES. 

12. Define THE "thalidomide syndrome''. 

13. Explain the two "shunts" that are present in fetal 
circulation and which disappear, soon after the time 

; OF BIRTH. - 

14. Comment ON the express ion*'"As soon as we are* born. 

WE START TO DIE . ^ 



78 



Topics FOR Discussion in Seminar Groups 

1. Is there/a distinction between abortion and birth control? 

2. Keeping IN MIND Desmond Morris' statement about man being 
•the sexiest primate what is the correlation between 

' SEXINESS AND morals? 

3\ Is the question concerning euthanasia (mercy killing) 
pertinent to this discussion? 



/ 
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UNIT IX - SCIENCES SEX AND OTHER THINGS 



Table I. Regulatory ;v5::^>jtaones of the Menstrual Cycle. Understanding 
the role of these horrfiones has jled\ to the development of 
certain contraceptive measures J \ 

• • . ■ " r \ ■ ■ ■ 



Hormone 



Source 



Effects 



F.S.H. 

?f cl licle 

stimulating 

hormone) 



Pitu 



glstnd 



Stimulates growth of 
one(?) follicle in 
ovary (thereby 
stimulating production 
of estrogen) • 



Estiogen 



Follicle cells of 
follicle in ovary 
(and constant: amount 
from other places) 



\ 3, 

\ 



Inhibits FSH production 
by pituitary. 
Stimulates pituitary . 
to produce luteinizing 
hormone . ' 
Causes development of ^ 
primary and secondary 
sex charactetistics. 
Esp. note: healing and 
proliferating of cells ; 
of lining of uterus 
(endometrium) . 



"TI Causes ovulation, ^ 
2. Changes scar of pvulatec 
^1 ' follicle into Corpus 
i Luteum ("yellow body" 
in Latin) . 



LH I 

(luteinizing 

hormone) 



Pituitary gland 



1. Inhibits LH secretion 

by pituitary. 
2,1 Causes further 

! development of primary 
\ and secondary sex 
i characteristics. 
3.. 1 Causes differentiation 
i of ehdometifium into , 
' glandular, structure, 
ready for dlmplantatlonr 
Necessary for tJie main- 
tenance of endometrium. 



Progesterone 



Corpus Luteum - 
(and some from 
other places) , 



1 . I Maintains endometrium 
and placenta even in 
the absence of 
progesterone. 



H.C.G. 

(Human Chorionic 
Gonado trophin ) 
(the "pregnancy 
hormone) 



Placenta 
(chorion partj 
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BIOLOGY 100-A 



UNIT X More About Other Ti.jngs - flow Large Organisms are Built 



.J 
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OBJECTIVES FOR UNIT X - Morb About. Other Things 

THi£ STUDENT WILL BE ABLE TO DO THE FOLLOWING: 



2. Compare the humunculus-type pre^ormism theory with 
epigenesis, 



^, Define ectoderm^ mesoderm, and endoderm. 

5. Discuss some ways in which physical or environmental 
factors m^y effect cell development. 

6. Discuss the process of induction as it applies to cell 
different ion. 

7. Give pros and cons for the statement, "ontogeny 
recapitulates phylogeny", 



1. 



Discuss the process of kitosis and the cell cycle. 



:>. 



D'SCUSS THE. RELATIONSHIP BETWEEN GENE ACTIVITY AND 
CELLULAR DIFFERENTIATION. 



8. 




/ 
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Topics for Discussion? in Seminar Groups 

At what point in„embryological development do you believe 
A fetus becomes human ? 

Are you familiar with cloneing and if so^ should it be 
used in humans? 

,In what circumstances do you Ti^'N'K MEDICAL SCIENCE ' 
SHOULD BE ALLOWED TO TAMPER WITh HUMAN DEVELOPMENT? 



Glossary For Unit X • * 

Bias tula - An early embryonic stage in animals^ preceding 
the delimitation of the^ three principal tissue 
layers (ectoderm^ mesoderm, and endoderm); 
usually a hollow spher^. 

Ectoderm - Outer tissue layer of embryo; gives rise to . skin 
and skin derivitives (hair^ nails ^ sv/eat glands) 
and nervous system in the adult. 

Endoderm - laner tissue layer; gives rise to the lining of 
the digestive^ respiratory^ and urinary systems. 

Epigenesis— — The embryological view that an embryo develops 
by the progressive production of new parts that 
were nonexistent as such in the original' zygote. 

Gastrulation - The process of cell division and differentiation 
in which the embryo acquires its tliree tissue 
layers. - ' 

Mesoderm - Middle tissue layer; gives rise to skeleton, muscles, 
reproductive system, blood and blood vessels, lining . 
of body cavities. 

1 

Neoteny - The retentioiji of larval characters after the gonads 
have' become sexually mature. 

Ontogeny - The course of development of an individual organism, 

Phylogeny - Evolutionary history of an organism. 

,Preform?ition - The iLdea that the yoirng animal was pre.C :^ In 

the egg or sperm and development was an "r ^s^^lalYi^ 
and growth of a miniature animal whicli ■ ^ d b. 
seen in the germ cell. 
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UNIT XI Changes 
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OBJECTIVES FOR UNIT XI - Changes 
The student will be able to do the following: • 

1. List examples of immediate physiological change, 

2. Outline at least two life cycles. 

3. Define the concept of EVOLutioNARY change- the 

HISTORY OF A SPECIES. 
^. The STUDENT WILL BE ABLE TO DEFINE. THE FOLLOWING: 

A. Ecological niche 

B. CiRCADIAN RHYTHMS 

c. Human cycles - gestation and menstruation 

D. Lunar time 

E. Seasonal changes. 

F. Developmental changes^ such as: critical time 

AND IMPRJN^TING. 

,G. Biological clocks 
H. Genome ' ' 

5. Discuss specialized and generalized life cycles. 
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Topics for Discu£;sion in Seminar Groups 
What advantages do bacteria have in niche exploitation? 
What are the impuications of Darwin's "survival of the 

FITTEST*'? 

In light of the species, why is' death good? 

What are the strfngths and weaknesses of the bacterial 
life cycle? 

What are the strengths and weaknesses of the oyster* life 

CYCLE? 

» 

What are the strengths and weaknesses of the human life 
cycle? 

* « 

Discuss critical time and, its implications in light of 
imprinting as seen in young animals. - 
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UNIT XII Terrestrialization 
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OBJECTIVES FOR UNIT XII - TERRESTRiALiZATioN 

The 'STUDENT WILL BE ABLE TO DO THE F.OLLOWING: 

1. What is meant by the "fossil record". 



2. - Know the advantage to the plaNt of becoming terrestrTalized 

(higher light intensity). 

3. Explain changes in tissues of land plants to facili'tate: 
A. Liquid transport 

b. Water conservation • 
. c. Exchange of gases 

,d. Support on land , ° * 

i\. Explain- cHANGES^iN plant reproduction methobs to accomodate 

DRYER HABITATS. / \ 

5. Understand some of the structural changes REQurRED of 

ANIMALS IN ORDER THAT THEY BE ABLE TO SUCCESSFULLY 
MOVE AND COMPETE ON LAND , SuCH AS, THE FOLLOWING : 

A. The development of limbs 

B. The^development of air breathing, organs 

c. Shift in circulatory syst^is 

D, Changes in methods of reproduqtion 

6. Have insights relative to^the complex changes required 
for life on land. 
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. Tori ICS FOR Discussion in Seminar Groups 
Difference in photosynthesis of ^^ater dwelling plants vs, 

LAND PLANTS,' i 

Reproduction as competition among land plants, 
Reproduction AS competition among land animals, 

Hh AT WOULD life BE LIKE IF TERRESTRIALIZATION HAD NOT 
OCCURED? 

Compare a fish's gill with a mammal's lung', / 

Compare a fish's pectoral fin to a dog's foreleg. 

Compare a fishJs egg to a bird's egg,. ;^ 

Compare a bird's egg to a mammal's placental DEVELOPMENf, 

Compare a fern sexual reproductive" cycle to that of a - 
flowering plant. 

Discuss water conservation in higher plants, 

. • . : ^ 1_ /' 

/ ' * "■ 

7 ■ :■ . 
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Table I. The Ge_^ogic -offline ^cale. - Unit* XII 



•o 

ERA 


PERIOD 


MILLIONS 
OP YEARS 


ENVIRONf^ENT ' 




Cenozolc 
•"hew life"' 


Qtiarternary 


I 


Four ice ages; 
,cxxmaue waxms 
after last one 


4 

Tertiary 

•-• ^ ■ - ■> » 


1-63 


V 

Continent build- 
ing; climate gets 
colder • 


Mesbzolc 
"middle 
life" 


Cretaceous 


63-135 


Inlemd sWamps 
common; rise t>f 
the Rockies 


jyrassic 


135-181 

f 


Contiilents high 
and^:smallr much ^ 
of present area 
submetrgifid; mild^ > 
climates^"' 


Triassic 


181-230 


Great deseirts; 
arid 1 climates . 


■ \ " 


Permian 


230-280 


Rise of mountains 
glaciers anddes- 
netMd_ common; ex- 
tremes of climate 


■ 

Pa: 


Leozolc 
icient 
life" 

. .. ' 'i 


Carbonif- 

.eroui 


280-345 

< 


Warm knd^humid; 
coal deposits 
formed' 




Devonian 

•0 


345-425 


tnlanci «ieas gro<ff 
sinalictr;itmjUY cbra: 
Jreef s ; f i rn t aniiw>»la 
on Xand - 




Silurian 


425-435 


Lair^e land areas 
fi jiTBt- ^anrt plant- if 


/ 


Ordpvician^ 

• 


435-500 

J ■ 


La^ ! extensively 
stibonefged; c3;i-/ 
aate 1 vexry ■ warm / 




Cambrian; 

•i v; 

• 


500-600 i] 


Land^ very |^cn(^ 

heavsls; cliaf&tes 
mild 7 




:aaA>rian 


. * ' 

A ■' 


^ 600-(?i 


— '■ — ' ' ' / 

Bxtrenely violent 

conditions V un- 
stable ataosptj^e 
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ERA 



DOMINANT ANIMA.L LIFE 



Cenozoic 
"new life" 



Mammals 



j Hesozfj ' 

I V.iddl Hfe" 



Reptilcn 




DOMINANT PLANT LIF 



Flowers 






Gymnosperms 



Cvcads 




Paleozoic 
••ancient 
life" 

Amphibians 
Fishes 



Invertebrates 




Early Vascular 
Plantfc> 



HPre- 

; cairJbrian 




First 



Algae 



Life 
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Activity I - The Movement of Water in Terrestrial Plants -Unit XI 



The water and minerals required /by higher plants for 
photosynthesis and other metabolic processes is absorbed from 
the soil and moves upward to all the cells of the plant. The 
photosynthetic, product made in the^ leaf dissolves in cellular 
water and is moved or translocated to all the cells of the 
plant which are incapable of manufacturing their own food. The 
tube3 for conduction' are collectively called vascular systems. 
Openings in leaves, usually on the under surface, return most 
of the water not used by the plant back to the atmosphere 53 
v;ater vapor in a process termed transpiration. 

A. Demonstration of Transpiration 

A green plant sealed under a bell jar has been placed on 
display at rhe Experimental Table. A second apparatus, similarly 
sealed, but containing no plant is also demonstrated. Compare 
the two^ jars. Record your obser\'i;tions below. 

B. Some Factors Whijh Govern Movement of Water in Plants 

The amount of water moving through a qreen plant can be 
measured using a potometer which in this case is siiaply a 
calibrated tube attached and sealed to the cut end of a plant 
stem. 

."Observe the various experimental conditions and note the 
relative rates of transpiration. 



Go to slide 17 and start tape. 



Activity II - Transport in Plants - Unit XII 



The Force 

Several forces working together account for the rise of 
vater in plants : 

1. Root pressure caused by diffusion of water molecules 
from soil into root hairs and roots (osmosis) and, 

2. Transpiration pull caused by evaporation of water from 
leaves, osmosis and cohesion of water molecules as shown in the 
diagram: (From Galston, The Life of the Green Plant , Prentice- 
Hall, Inc., 1961) 




The amount of water used by a plant for photosynthesis and 
all other metabolic functions is only about five 'percent of the 
total amount taken in. The other ninety-five percent xs lost by 
evaporation (=tran3piration) through the stomatal openings. This 
large amount of water loss is not the result of poor constructidn 
rather, it is necessary ~^if water is to be continuously trans- 
ported upstem. 

The following data are taken from an experiment designed 
to compara transpiration from leaves with the evaporation of 
water from a non-living surface. The amount of water lost per 
hour by transpiration from 100 square centimeters of leaf area 
during a 24 hour period was carefully determined, and compared 



to the amount lost by evaporatioTi from 100 square centimeters 
of a cup atmometer. 



A cup atmometer is made of porous clay; when filled with 
•ater it duplicates as nearly as possible conditions in. the leaf, 
ixcept those involved in its life processes. 



w 

exc 




100 square cm. 
leaf surface 




Grams of Water Lost 
Time 

12 midnight 



1 


AM 


2 


AM 


3 


AM 


4 


AM 


5 


AM 


6 


AM 


7 


AM 


8 


AM 


9 


AM 


10 


AM 


11 


AM 


12 


Noon 


1 


PM 


2 


PM 


3 


PM 


4 


PM 


5 


PM 


6 


PM 


7 


PM 


8 


PM 


9 


PM 


10 


PM 


11 


PM 


How "ould you 



Transpiration 
from leaves 

" 0.09 
0.09 
0.09 
0.09 
0.09 
0.18 
0.18 
0.31 
0.43 
0.47 
1.57 
1.96 
2.15 
2.55 
2.74 
1.70 
0.82 
0.22 
0.08 
0.38 

o;o8 

0.08 
0.08 
0.08 



100 square cm. 
porous surface 



Evaporation 
from cup 

0.41 
0.35 
0.35 
0.37 
, 0.41 
0.^35 
0.35 
0.35 
0.50 
0.91 
0.97 
1.20 
2.25 
2.34 ^ 
2.04 
1.95 
1.20 
0.71 
0.55 
, 0.44 
0.35 
0.35 
0.35 
0.35 



Go slide 21 and start .tape, 
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Activity III - How Plants Solve Their Water Problems - Unit XII 



A. Although many' plants have escaped their watery ancestral 
home, they never really emancipated themselves from water. They 
need water to begin life - seed germination - and they need it 
incessantly until they die. Where there is no water, there are 
no plants. 

In the diagram below, observe how the flowering plant has 
solved the problem which allows for a dry-land existence by 
indicating what each structure contributes to the solution. 




Go to slide 28 and start tape. 
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Activity IV - Toward a New Environment - Unit XII 



In the case of the conquest of land, plants and animals 
have moved out of their aquatic environment and migrated to a 
now, virgin one* Probablv the first steps were effected in 
tidal regions or in damp bogs but through these transitional 
areas there eventually was a real transfer to land. With this 
transfer came a new series of problems. In the table below, 
summarize the provisions which pertained^in -each situation 
listed: 



The Life 
Condition 


Aquatic 
Organisms 


Terrestrial 
Plants 


Terrestrial 
Animals 


Support 








Locomotion 








Prevention of 
Desiccation 








Gaseous 
exchange 






1." 


Reproduc t ion 








Maintaining 
Cellular Water 
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Activity V - Some Animal Adaptations to Terrestrial, Existerice - 

Unit XII 



Many complex problems confronted animals as they made the 
transition from v;ater to land life. Two of these we will consider 
in this laboratory - support systems and breathing problems. 

A. Primitive land animals resembled their fishy ancestors with 
elongated bod ie 53 and tails. The most striking contrast between 
the early amphibians and their fish ancestors is seen in the 
limbs. The paired fins of ancestral fish have been treinsformed 
into land limbs. As new environments were invaded^ considerable 
reorganization of the skeleton has occurred to fit the organisms 
more efficiently to their new envi-ronments . In this lab we will 
examine modification of the pelvic bones in several forms from 
the standpoint, of adaptation. 

1, Examine the bones which make up the pelvic (hip) and 
the pectoral girdle (forelimbs) of a frog^ rabbit and human ^ 
noting their relative size^ fusion of bones and thickness of each. 

2. Using your observations, fill fn the following chart: 



Organism 


Distribution of 
total body weight 


Adaptation 
of pelvis 


Major function 
of the pelvic 
girdle 


Pectoral 
girdle 


Frog 










Rabbit 










Human 











Go to slide 40 and start tape. 
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UNIT XIII Homeostasis AND (Cybernetics in Animals 
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QPJFrT^^'F^ I'H'T X^T - t'oMEo^TASis and Cypernetics in Animals. 
The student will be able to do the following:' 

'1. Give concise definition of homeo-^ta'^is. 

2. '^OrP.'^RE and contrast life and NON-LIFE^IN TFR^'S OF 
HOMEOSTATIC CONTROL MECHANISr^^. 

3. ' Give an" EXAr^PLE. '-'ITm a diagpam, of a human homf.o.=^tatic 

r^E CHAN ISM'. 

^. Give an example, with a diagram, of a non-living 
cypernetic svctem. 

5. '^EFINE HOMEOTHERM AND POIKILOTHEPM AND EXPLAIN 

their ecological significance. 

6. Discuss the various means of maintaining a constant 
""body temperature in homeotherms. . 

7. ^ISCUSS THE PHYSIOLOGY OF THE HUNGER "dRIVE" WITH 
EMPHASIS ON THE ROLE OF THE HYPOTHALAMUS, pLOOD 
SUGAR LEVEL, THE HORMONES INVOLVED, 'AND PSYCHOLOGICAL 
FACTORS. 

8. " Discuss the homeostatic control of body fluid palance 

with an emphasis on hormone and nervous influences. 

9. Define DIABETES insipidus. 

10. . Define hopjmones. ■ ' 



J- 
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Topics for Discussion in Seminar Gr6ups 
how does medical technology relate to homeostasis in man? 

In RELATION TO THE GYPOTHALAM.US^ CAN YOU' THINK OF 
MAN COULD ALTER THIS HOMEOSTATIC MECHANISMS 



ANY WAY 



T''E NERVOUS AND ENDOCRINE SYSTMES ARE SOMETIMES -CALLED ' 
COLLECTIVELY THE NEUROENDOCRINE SYSTEM. VfHAT IS THE 
REASONING BEHIND THIS? 
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- Glossary For Unit XIII . 

Cylp.emetlcs - The study of autonomous control, or negative- 
feedback- systems. 

Endocrine ^Glands - Ductless glands which produce hormones and 

secrete them directly into tha blood. 
Examples: pituitary gland, thyroid gland, 
adrenal glands, etc. . ^ ^ ' 

Homeostasis - The tendency in an organism to maintain a constant 
internal environment. 

Homeothermic ^ Referring to animals which maintain a relatively 
, constant body temperature. / 

Hormone - A control chemical secreted in one part of the body \ 

and carried by the blood to other parts of the body \ 
,fb^,ve it exerts its effects. ^ 

Poikilo thermic/- Referring to animals whose body temperatui^e 

fluctuates, with the environmental temperature. 
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UNIT XIV Cybernetics and Homeostasis in Plants and Cells 
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JFCT^VEr FOR IIN^T XU' - T.ypernet.ic? and foMEO^^TAf^i^^ in Plant?^ and ^fllj^ 
The student will be able to do the following: 

1, Define Tropism and di«^cuss the adaptive ^'alue of these 
respon'^es. 

2 TlSrUSS THE DIFFERENCE IN RATE OF PLANT AMD ANIMAL 

re^^ponses to the environment. 

3 • Give the p-o major classes of plant hormones and priefly 

' DISCUSS THFIR SIMILARITIES AND DIFFFPFNCES. 

niscuss'now mw has used his. kno^-ledgf of plant hormones 

TO HIS advantage. 

S Discuss the advantage of chemical inhibition of seed 
; ' germination m desert plants. 

p nPFT^'YoNG day" and "short day" plants and discuss 

the R^LE OF THE HORMO^ PlORIGEN IN THIS PHENOMENON. 

7. Define Autotrophic. 

8 Discuss the means by which a cell can control jhp 

PRODUCTION of ITS PRODUCTS. 

Q.' Discuss regulatory, operator^ and structural gfnes 

' . AND THEIR ROLE IN ENZVME PRODUCTION. . . 

m. Compare behavioral responses of animals to a computer. 
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Topics for Discussion in Seminar Groups 

Dp you think man EXifilTS ANY TROPISTIC RESPONSES? If NOT 

can you name other animals that do? 

?. Can you name any muman hormones that have effects similar 
to plant hormones?; 

?. Is man's RRHAVITR REALLV MACHINE-LIKE? 
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Glossary For Unit XIV 

Apical dominance - Tendency for the apical bud to inhibit the 

growth of lateral buds. 

Autotrophic - Capable of manufacturing organic nutrients . (food) 
from inorganic aw materials. 

Auxin - Any one of a class of plant hormones that promote cell 
elongation and can diffuse into a decapitated plant 
from an agar block, causing it to bend in the dark . 
{Went test) . 

Gibberellin - A plant hormone, one effect of this is stem 
elongation in some plants. 

Photoperiodism. - A response by an organism to. the duration and 

* timing of the light and dark conditions. 

Tropism - A turning response to a stimulus; may be positive , 

i.e. toward the stimulus, or negative, i.e. away from 
- the stimulus. Examples : ^ geotropism (response to 
gravity)'" and phototropism (response to light) . - 
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UNIT XV The Meaning of Biology to Modern Man 
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OBJECTIVES FOR UNIT XV - The IIeaning of Biology to Modern Han 

ThF Ot^JECTIVES for this unit differ WiiEN COMPARED WITH THE 
ORJFcflVES OF PREVIOUS UNITS. HeRE WE ARE NOT SO CONCERNED 
SiTH IcQU?R?NG VER; SPECIFIC FACTS OR DETAILS ABOUT BIOLOGICAL 
ORGANISMS OR SYSTEMS. BUT ARE CONCERNED. AT LEAST IN ONE SENSE. 
WITH THE BIOLOGICAL FUTURE OF MAN. IN THIS LIGHT. THREE OBJECTlVbb 
ARE EMPHASIZED. ThEY ARE: 

1 Tn INTRODUCE THE IDEA OF SURVIVAL AS THE GOAL OF 

MAN S IMMEDIATE FUTURE AND TO INTRODUCE TWO BIOLOGICAL 
LAWS OF SURVIVAL. 

9 Tn RI^-EMPHASIZE THE LIMITS OF ENERGY USE; TO SUGGEST 
^ ^SleI ™T tJiE InSwIDUAL. GOVERNMENT. AND TECHNOLOGY 
WILL HAVE TO PLAY IN ORDER TC BRING ABOUT CHANGE. 

1 To PROVIDE THE STUDENT A LIST OF QUESTIONS TO CONSIDER 
"in RELATIONSHIP TO THE MEANING OF BrOLOGY TO MODERN 




IN THE LiG. WHAT HAS BEEN PRESENTED IN THIS TERM S 

viORy \ GOu IDEA WOULD BE TO SELECT TWO OR THREE 
Sf THESE AND USE IN YOUR SMALL-GROUP DISCUSSION FOR 

?His WEEK. Questions 1. 3. and 1(5 would be particularly 

USEFUL TO DISCUSS IN A GROUP. 
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Topics Discussion in Seminar Groups 

how has new information in biology contributed to a re- 
thinking of public opinions and attitudesr 

how have the findings of biology made modern man more 
aware of himself and his environment? 

how is modern biology changing man and his society? 

What new problems have resulted from biological discoveries 
as they are applied to technology? 

Is BIOLOGY A "two-edged SWORD"? 

Should a moratorium be declared on new„biological discoveries 
TO allow society a "chance to catch up as some have suggested 

Why should the informed citizen be CONCEr<NED? 

How can he be involved? 

What role should the government play in the utilization^ 

SUPPORT and/or control OF NEW BIOLOGICAL DISCOVERIES J* 

Are there limits to what biologists shouij) be allowed to do? 
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